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One lock.washer: plus one nut used to dat Meo MM gelicli- Meola MR isl- Malt) Mitel ale nop ot iate 
total up to two separate assembly oper- on the bolt. The steel used had to/have 
ations. But that was before KEPS+. Now the spring demanded of a lock washer, 
these two separate parts are handled as yet t ted ee “— 
fastened to the nut. Sharon engineers 


a single unit because they are pre- 
? Y F have supplied the manufacturers af 


assembled. This cuts costs, speedsypro- ee ee Ee ee ee the 


duction, reduces inventory problems and necessary requirements. 
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If-you are working with steel it will pay 


g-erol tt -taal sl ilale Mold ae aeltal-takelale Maleh mn ael; you to know ara” Gi 


a tricky operation. The washer had to be in your areqae 
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In 
Electrical 
Contact 


Assemblies... MALLORY 
Assembly Engineering 


can mean three-way savings for you 


No matter what your contact assembly needs may be, Mallory ean do the whol: 
job for you—from design and material selection ... to fabrication and finishing 


of parts ... to final assembly, 


Mallory assembly engineering is backed by 25 vears of research and practi 


experience and takes pride in... 


® Design of more than 5000 ® Leadership in the develop- 


different types of contacts, ment and practical applica- 


tion of powder metallurgy. 
® Development of many spe- 


cial alloys . . . and brazing ® Design and production of all 


With this specialized electrical and metallurgical engimeering experience work- 
ing for you, you save three ways—in better performance ... in reduced costs 
. and in relief from the design, handling, scheduling and inventory control 


problems involved in assembling your own contact units. 


EXPECT MORE...GET MORE FROM MALLORY 


(An example of Mallory contact assembly engineering is a tungstet 
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assembly for an outboard motor magneto which had to withstand the impact of 
millions of eveles ... resist salt water corresion... maintain constant shape and 
uniform spring action... and hold the precise tolerances despite temperature 


and humidity changes. 


Mallory engineers produced the right answer at the right price—a_ contact 


assembly that is doing an outstanding job. You can expect the same kind of 


results when you turn your contact assembly work over to Mallory 





. . In Canada. made and sold hy Jol nson Matthey A Vallorv Ltd 1}Odndustry St Toerento | » Ont 
ee ail 


Electrical Contacts and Contact Assemblies 
SERVING INDUSTRY WITH 









Electromechanical Products 





P.R. MALLORY & CO. inc. 


Resistors Switches 
Vt Tuners a | ibrators 


Electrochemical Products 


Capacitors Rectifiers 
Vercury Dry Batteries 





Metallurgical Products 


Contacts Spec ial Metals 


P. 
H elding Materials 





R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 


For information on Titanium Developments contact Mallory-Sheron Titanium Corp., Niles, Ohio. 
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ichlights 


referring to the issue of Product Engineering in which items 






When requesting further information from companies and organiza 


tions mentioned in the items below, confusion can be avoided by 





NONMETALLIC MATERIALS 


GLASS CLOTH treated with an improved grade 
of silicone rubber is highly effective as motor 
and cable insulation. G. E's Coshocton, Ohio 
plant is producing the material as 36-in. widths 
in thickness from four to ten mils. Heat resis- 
tance, and electrical properties are excellent. 


CONTINUOUS FILM of polyester resin bonded to 
porous materials like wood, paper and cork en- 

‘SO (% hances their surface character- 
A istics appreciably. This catalyz- 
J ed Vibrin resin, made at U.S. 
, Rubber's Naugatuck (Conn.) 
Chemical Division, is spead on 
cellophane sheet and then trans- 
ferred while partially jelled to the base material 
for curing in aheated press. With the cellophane 
removed, film remains dimensionally stable, 
and both corrosion and abrasion resistant. 





COMBINED EFFORTS of the Navy, the Air 
Force, and the chemical and oil industry have 
resulted in the first joint military specification 
for a synthetic lubricating oil for gas turbine 
engines. According to the Naval Research Lab- 
oratory, this is the first significant application 
of synthetic lubricants. 


CEMENTS for bonding acrylic plastics have been 
developed by the Chemical Development Corp. of 
Danvers, Mass. Type CD-2 is intended for use 
with Plexiglas, while Types 94 and 114 are for 
Lucite. These monomers produce high-strength, 
optically-clear, bubble-free bonds, and can be 
used on assemblies that later are machined. 


LATEST TWIST in filter-fabric construction is 

more twist. Current practice is half a turn per 

, inch of yarn; new fabrics made 

‘ ® 4 by Equipment Development Co. of 

-.# 9 ,-—— Montclair, N. J. have 25 turns. 

sew + = “~~ Highly twisted yarns do not pack 

>" -“— together tightly, thereby reduc- 

?<~ Sw ing precipitation of solids in and 

on the fabric which is woven from all the latest 
synthetic fibers like Dynal. 
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DIELECTRIC SHEET composed basically of a 
Kel-F or Teflon fluorocarbon core faced with el- 
ectrodeposited metal has wide application be- 


cause of its versatility. Asbestos, glass fiber, 
mica, quartz or other inert materials can be 
added to the core and any of the dozen or more 
electrodepositable metals used as the facing. 
Total thickness can be varied up to about 1 1/2 
in. according toengineers at U.S. Gasket Co. of 
Camden, New Jersey. 


PLASTIC MOLDING MATERIAL consists of an 
Alkyd base resin with glass fiber reinforcement. 
Products molded of this material have excellent 
resistance to impact and high tensile and com- 
pressive strength, according to Plaskon, whose 
researchers developed it. See New Products. 


METALLIC MATERIALS 


SEA-WATER CORROSION of low-nickel content 
copper -nickel alloys can be reduced if one to two 
percent iron is included. Such alloys are readily 
worked, either hot or cold, provided they are 
properly heat-treated, and are suggested for 
condenser tubes as well as general shipboarduse. 


A NON-FERROUS SCRAP DRIVE is rapidly tak- 
ing shape. Special industry committee has al- 
ready elected permanent officers 

» 4 and is mobilizing for the recovery 

v \ of copper, brass, bronze, alumi- 


(GET OUT THe Sap, num and lead. Is there a Scrap 
~—?? Committee in your plant and is it 


awe «Cgetting in the scrap? 


HIGH TENSILE STRENGTH at elevated temper- 
atures is claimed for a magnesium-base alloy 
containing from one to ten percent rare earth 
metals, principally cerium. U.S. Patent cov- 
ering the alloy is assigned to Dow Chemical Co. 


TWO ALUMINUM ALLOYS have recently been 
developed for use in the 600-F range. Informa- 
tion Office of U.S. Dept. of Defense has an- 
nounced a Cu-Ni-Mg-Mn-Cr-V-Ti alloy good to 
600 F. and British Patent 585.610, assigned to 


continued on page 4 


Every day highly skilled engineers within 
“A our organization provide the answers to : 
these problems. Backed by the company's 
/0 heb fe You oe 85 years’ experience in this field, our : STRAIORT 
f ‘ Bn - BEVEL 
complete engineering service is at your 
THE DESIGN ENGINEER should provide us ‘ . em 
. sa é disposal, without obligation, to study any 
with preliminary layouts or prints of pro- 
posed bevel gear designs .. . type of 
drive, horsepower and speed . . . type of 
loading (constant, intermittent or shock) to make our recommendations as to the 
. type of material . . . driving member best design, the proper equipment and 
and direction of rotation. the most advantageous methods for re- 
THE PRODUCTION ENGINEER should fur- ducing production time and costs. 
nish blue prints, material specifications, 
manufacturing tolerances .. . quantity of 
gears to be produced . . . number of 
working hours available for production. 


bevel gear or Curvic coupling design 
problem you may have. We will be glad 
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T.F. Bradbury of Derby, England, describes a 
Mg-Ni-Fe-Si composition having good physicals 
in range from 660 to 795 Fahrenheit. 


WIDESPREAD USE of ductile iron is evident by 
the fact that about 150 foundries in the U.S. and 
- abroad are in production. The 
International Nickel Co. reports 
more than 75 distinctly different 
‘5 applications of castings ranging 
$ in weight from less an ounce to 

more than forty tons. 


POROUS COBALT-BASE ALLOY similar to 
Haynes-Stellite L-605 high-temperature ma- 
terial is being used by Micro Metallic Corp. of 
Glen Cove, N.Y. in metal filters commonly made 
of stainless steel. Operating temperatures are 
therefore several hundred degrees higher than 
the 900 to 1,000 F range of stainless and at these 
temperatures tensile and corrosion resistance 
are comparatively better. 


COMPONENTS 


INTERCHANGEABLE ENGINE PARTS are close 
at hand. An industry advisory group for the 
Munitions Board has come up with a plan for 
standardizing high-mortality parts of gasoline 
powerplants used by the Army, Navy and Air 
Force. Group would reduce the 1,187 different 
moving parts of 138 different engine models to 
only 63 parts, and 15 bore sizes to only five. 


TWO TO SIX SLIP RINGS with a separate lead 
for each can be built into a small assembly of 
~ 0.045-in. diameter. Ring width 

a f\//4s\ is 0.030 in. and barrier width 
S Ree 0.015 in. Silver is electroplated 
into grooves on a machined di- 
electric core by the Electro Tec 

Corp of Hackensack, New Jersey. 


COILED SPRINGS used in instruments and other 
components resist effects of moisture, weather- 
ing and chemical action when protected by a tough, 
thin coating that remains flexible at temperature 
of -70 F. Congress Fanand Electric Co. of Day- 
tona Beach, claims units are stable to 250F. 


SELENIUM RECTIFIERS are going miniature. 
The Plastisel assemblies made by Electronic 
Devices Inc. of Brooklyn, N.Y. are of standard 
open-plate construction with a spiral-wound 
phenolic wax molded case like tubular conden- 
sers. Ratings vary from 250 to 500 ma d-c for 
different voltages and as doubler units. 
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WIRING HARNESSES composed of aluminum wire 
joined by anew resistance method may be pres- 
sed into service by automakers. To prevent the 
aluminum conductors from failing in fatigue, 
special supports or loops may have to be used. 


QUICK DISCONNECT COUPLING for electrical 
ams has no threads. 


oe 
a= 


Unit is joined or dis- 
engaged by movable fingers that 
gripor permit ejection of mating 
section, depending on the tension 
of a built-in coiled spring. A tug 
of about 20 1b opens the unit made 
by Wiggins Tool Co., Los Angeles. 


PROCESSES 


ALUMINUM SHEET is rapidly stretch-formed 
into contoured aircraft parts by the Demarest 
process at Pastushin Aviation Corp. in Los 
Angeles. First step is to form a cone and seam 
weld it by the Heliarc method. Than cone is 
pluced in a Meehanite holder die and a rubber 
forming die lowered into the cone. After being 
locked in place, the rubber die is expanded by 
pumping in fluid until a pressure of 400 psi is 
attained. Thus, the expanding die stretches the 
straight-sided cone into a curved part. 


CHROMIUM PLATING reduces the plastic de- 
formation that can occur in SAE 4130 steel be- 
fore fracture. Tests made at the Bureau of 
standards on specimens plated to nominal thick- 
nesses of 0.0001 to 0.015 in., as well ason un- 
plated specimens show the tensile and yield 
strengths decrease with increasing plate think- 
ness. At thickness of 0.015 in., the values are 
about 90 percent of those for the unplated steel. 


ANY NUMBER of throws canbe press forged, one 
atatime, indifferent models of crankshafts made 
¥ at Compagnie des Forges et 

¢> O Acieries de la Marine et d'Home- 
court, Saint-Chamond, France. 


ius x 3 ‘ The continuous grain process per- 
‘ a 
fected by this company does away 
ly 
LOS 


with twisting the throws. 

INCONEL "W" AND 'X" can be successfully 
welded by insert arc, metal arc and resistance 
welding methods. High unit pressures and slow 
cooling give best results. Alloys are among the 
most promising high temperature alloys develop- 
ed by the International Nickel Company for ap- 
plications up to 1,200 F. Coated Inconel 132, 
132R46 or X139 electrodes are used. 


continued on page 9) 




















Another new development using 


B. F. Goodrich Chemical Company raw materials 


Hycar 


puts “the bite” 


on 


grinding costs! 


HIS unusual use for Hycar 

rubber may give you an idea — 
may show how Hycar can cut costs 
for you where fine grinding opera- 
tions are involved. 

The picture shows Hycar being 
used in the manufacture of dental 
restorations. The cast metal is first 
given a rough grind using a stone 
abrasive wheel. However, this oper- 
ation leaves scratches on the metal 
surface. To remove these scratches, 
a Hycar bonded wheel is used. 

It runs at speeds from 20,000 to 
25,000 r.p.m. Naturally, there is a 
high heat build-up, and extreme 
wear and tear on the Hycar wheel. 










But because of Hycar’s outstanding 
resistance to heat and abrasion, the 
wheel has a far longer life than types 
formerly used. Less dust is produced 
with the Hycar wheel. And, Hycar’s 
uniformity simplifies wheel manu- 
facturing operations, assures con- 
stant top quality. 

Hycar’s many advantages make it 
ideal for improving and developing 
products for many uses. Hycar rub- 
ber compounds resist heat and cold, 
abrasion, gas and oil, many chemi- 
cals, and more damaging factors. 
Demand for Hycar exceeds supply, 
but limited quantities available 
for development work. For help- 


GEON polyviny! matericis * HYCAR American rubber *« GOOD-RITE chemicals and plasticizers 


HARMON organic colors 





Data courtesy of Austenal Laboratories, Inc., Chicago, Til. 













ful technical advice, please write 
Department HP-1, B. F. Goodrich 
Chemical Company, Rose Building, 
Cleveland 15, Ohio. Cable address: 
Goodchemco. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 





Need high elasticity? Hycar has 
it — plus extreme temperature 
resistance and more advantages. 


Hycar 
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PLATING BATH for depositing aluminum ap- 
parently requires the presence of lithium alumi- 
—_ num hydride, aluminum chloride 
tt and the ethyl ether of the metal to 
HHH insure success. The deposit has 
a smooth matte finish and a hard- 
ness of 37 to 97 Vickers in tests 
i/~ run at the Bureau of Standards. 







A SPRAYED COATING of high-purity aluminum 
on copper-bearing aluminum alloys prevents 
corrosion when these materials are chosen for a 
given job on the basis of their high strength. The 
British Aluminum Co., Ltd., Salisbury House, 
London, finds this spray technique is useful on 
extrusions and castings that do not lend them- 
selves to fabrication from Alclad sheet. 


SPEEDIER DIE CASTING is the function of a 
nitrogen accumulator made by Hydraulic Press 
of Mt. Gilead, Ohio. As ram of casting machine 
is retracted, nitrogen is compressed intoa "bot- 
tle."" When ram is released, expanding gas forces 
hot metal into dies at 400 ft per minute. 


TESTING 


THE MODELS LABORATORY recently complet- 
ed at the Naval Ordnance Laboratory in White 
Oak, Md., provides a complete study of magnetic 
fields, and is used primarily for tests on mag- 
netic ship models. Results of the work areused 
in the protection of the Navy's fleetagainst mag- 
netic field influence mines and torpedoes. 


ELECTRONIC GAGE for measuring the thick- 
ness of nonconducting coatings on nonmagnetic 
metals has been developed at the Bureau of Stand- 
ards. Instrument performs simple nondestruc- 
tive test on coatings up to 0.090 in thick. 
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THREE-DIMENSIONAL photoelastic stress anal- 
ysis technique developed at Illinois Institute of 
Technology determines the principal stresses 
at any interior point of a body. Prior to this de- 
velopment, only principal shears could be found. 
Loads are applied while a machined plastic model 
is heated and are not removed unti! after the 
model cools to room temperature. Stresses 
developed by the loads are therefore "fixed" or 
"frozen" into the model. Sections of the model 
are then studied in a polariscope. 


DUPLICATING MACHINE makes exact copies of 
letters andother papers by adry-process method 
utilizing infra-red light. The 
light source sends rays through a 
special heat-sensitive sheet to 
the black-and-white original copy. 
= According to the Magna-Crest 
|=" ams Corp. of New York City, the black 
type on the copy converts the rays into heat which 
acts on the special sheet to reproduce the image. 









STANDARD TEMPERATURE of 20 C or 68 F for 
measurement of mechanical gages was recom- 
mended ata meeting of the International Organ- 
ization for Standardization. While there is no 
compuision behind these recommendations, it is 
expected that each of the national standard bodies 
making up the ISO will adopt the standards. Amer- 
ican Standards Association is the U.S. member. 


MEASURING CLEARANCES between rotating 
shafts and bearings is a difficult operation. A 
new method developed by tiie National Bureau of 
Standards for the Navy's Bureau of Ships appears 
to be the answer. A mutual inductance type of 
electrical distance-measuring element is used. 
The variation of the distance of the rotating shaft 
from two small fixed coils results in a readily 
measurable variation in coupling between coils. 
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Scientists and researchers in both government and industry have long 






THIS MONTH’S COVER 


known that molybdenum possesses excellent high temperature properties 
The major problems have been (1) to develop methods of melting and fabri 
cation that could be applied to large ingots; and (2) to develop coatings or 
alloys that would resist rapid oxidation at high temperatures. The subject 
of this month's cover is two specimens of 0.125 in. dia molybdenum rod, 
heated in air to a temperature of 1,600 C (2,912 F). Pure molybdenum, of 
course, would burn at temperatures far below this, but these specimens are 
protected by a siliconized coating that was developed by Fanstee!l Metal 
lurgical Corporation. Shown with the optical pyrometer is Fansteel’s 
Dr. Ralph F. Wehrmann, research chemist. For an up-to-date analysis of 
molybdenum’s properties and potentialities, see the article starting on page 121 

















HEIM Zcéal 
_ ewes BEARING ROD ENDS 


A single ball oscillating in 






































bronze bearing inserts — 
bored to fit a shaft or stud, and 


providing a large surface 


ntact Le 


supporting area. As a ball and 
socket operation, the universal 
motion of the ball corrects 
misalignment of the shaft in all 
directions. The Heim Unibal 
Spherical Bearing Rod End offers 
greater flexibility, and in many 
applications, eliminates the 
necessity for costly, precision 


machined components. 
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Write for complete catalog of Bearings and Rod Ends. — - 
THE HEIM COMPAN 
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| Standards of Worth 


} 
IN BUSINESS the most obvious and essential stand- top management for the executives and junior exe 

i ard of worth is dollars profit. But any organization tives to operate according to “The Golden Rule.’ 
that has no objective other than profit will steadily hat is simply a matter of individual conduct and 

j disintegrate and die. expression. Nothing more than a compassionate un 

derstanding of the troubles and limitations of th 
Not all plans and projects can show th.'r worth in eoBinas i ——— ' 
subordinates 18 re juired oO nsure Kil \ \W 
rofit. Long range research plans, support of . : 

' dollars pro t ° & ra & researc plan suPi ol necessary to give unstinted praisc wh mn due to 
r rojects i iversities, participation in indus , , 
esearch projects in universities, participation in ind always be fair, and to show a genuine interest in the 
try activities, publicity, advertising and similar un , . , 
yx “, p licity adver 5 d simi welfare of all. Out of such treatment ar rilt the 

7 dertakings can never show a profit as a number on 7 , ; 

incentives that make a job an inspiration, that pu 

the balance sheet. But their essentiality to the growth , , 
: y BK enthusiasm into effort, that foster self respect, chara 
of a successful business enterprise is generally recog- : 
P § , 6 ter and happiness in the hearts of associates and 

: nized. Such expenditures are approved as a matter 

; employees 
of course. 





Over and above all these expenditures that are When all is said and done, life has but on 


measured in dollars, there are others of far greater tive. It is happiness. You cannot purchase it, you 


- ‘ si . as » _en anlane Se the oun 
importance to a successful business. They might be cannot dispense it in a pay envelope. It is the cu 





; termed the humanitarian efforts and actions. The tive dividend from investments in your treatment of 
time and effort they require cannot be charged off in others 
dollars and cents. They have their birth in mental 
attitude and human understanding. If he possesses Let us not merely wish for a Happy New Year but 
the proper spirit and motivating forces, any executive also let us do something to make it so 


can put‘into practice the precepts that build those 
human relations without which no business can be a 


complete success. 


It does not require a vote of the stockholders, a : Y Gedadol 


resolution of the board of directors, or an order by 
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With One Shield 


Basic With One Seal 
Single Row 
Ball Searing 


With Two Seals 


The right ‘‘dress”’ 
for every job —— 
available 


as accessories to 
New Departure’s 
basic ball bearing. 


Let us tell you more 


NEW DEPARTURE 
BALL BEARINGS 


NEW DEPARTURE - DIVISION OF GENERAL MOTORS + BRISTOL, CONNECTICUT 
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Our Most Promising, 


Ft 


Liane mae eR TOE SB ml 23 


J. J. HARWOOD* 


Deputy Head Metallurgy Branch 
Office of Naval Research 


METALLURGISTS AND DESIGNERS hav¢ 
selected molybdenum and its alloys as 
having great potential for super high 
temperature service. Its abundance and 
properties make it the most promising 
of the refractory metals, Table I, on 
which hinges the solution of future in- 
: dustrial and military problems involv- 
ig equipment operating at temper 
* This paper represents only the personal views of 


the author and in no way reflects the offictal 
attitude of the U. 8. Navy.” 
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Refractory Metal 


atures in excess of 1,800 Fahrenheit. need for less strategic high temper 

The current search for better refrac iture metals. While leaner alloy com 
tory materials stems essentially from positions are being used successfully in 
two pressing military requirements pas turbines now in prod «tion, the 
One is the temperature limitation of major hope for the future of long 
our present high temperature alloys, range guided missiles and rockets and 


which do not retain useful engineering more efficient and powerful gas 
properties at temperatures greater than bines is in 

about 1,650 F. The second is the short illoy systems 
age of our major alloying elements Molybdenum, of course, is by no 


which has vividly demonstrated the 


the d velopment of new 


means new to the metallurgical indus 
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try. It has a long and distinguished 
record as an alloying element in steels. 
Its earliest usage was for filament sup- 
ports in the incandescent lamp and 
electronic tube industries, and coiled 
tungsten filaments currently are wound 
on molybdenum mandrels. It also is 
used in tubes for grid windings, 
supports, plates, channels, caps and 
similar applications. The glass indus- 
try is a large consumer of molybdenum 
sheet, plate, bolts, and studs for elec- 
trodes involved in the melting of glass. 
Molybdenum also has several applica- 
tions in the chemical industries. 

More recently, molybdenum disul- 
phide (M,S.) has been attracting at- 
tention as a lubricant. It prevents gal- 
ling and seizing at bearing pressures 
well over 45 tons per sq in—and at 
either high or low velocities—which 
an be attributed to the unique laminar 
structure of the compound. 

However, specialized uses 
would become relatively minor, if the 
full structural potentialities of molyb- 
denums were to be attained, especially 
in view of the abundance of ore 

The United States is the leading pro- 
ducer of molybdenum concentrates, 
mining more than 85 percent of the 
world’s output. The chief molybdenum 
containing mineral is molybdenite 
(M,S2), a mineral gccurring in flakes 
resembling graphite. Principal pro- 
ducers are the Climax Molybdenum 
Company, The Molybdenum Corpora- 


suc h 
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tion of America, and the Kennecott 
Copper Corporation. Climax began 
active exploration of the world famous 
molybdenite deposits in Climax, Colo- 
rado in 1917 and since 1924 have been 
in constant production. In 1939, the 
Kernecott Copper Corporation began 
producing molybdenum as a by-product 
of their copper operations in Utah and 
New Mexico, which in recent years 
accounted for some 50 percent of our 
molybdenum production. The mines of 


the Molybdenum Corporation of Amer- 
ica are located in Questa, New Mexico. 

The reserves of molybdenum were 
estimated in 1945 to be in the neigh- 
borhood of 400 million tons, a more 
than adequate supply to meet all pre- 
dictable needs. While molybdenum is 
currently on the critical metals list and 
is under allocation regulations, it is not 
unreasonable to expect that production 
capacity can be stepped up appreciably 


if the situation demands it. 


Mining and Production Methods 


In direct mining operations, molyb- 
denite ore is recovered by the use of 
oil flotation processes, the final product 
containing approximately 90 percent 
M,So. The concentrates are subsequent- 
ly roasted to produce molybdic oxide. 
Molybdenum powder, which is the 
starting point for all current ingot con- 
solidation processes, is made by the 
hydrogen reduction of molybdenum tri- 
oxide or ammonium molybdate. The 
above chemical operations and reduc- 
tion processes must be carefully con- 
trolled to produce powder of desired 
purity, particle size and particle size 
distribution. 

Because of the adverse effects of im- 
purities on the ductility and workability 
of molybdenum, and because of the 
high melting point of the metal, all 


molybdenum ingots and shapes have 
been produced by powder metallurgy 
techniques in the past. Industrial con- 
cerns such as Fansteel Metallurgical 
Corporation, General Electric Com- 
pany, and Westinghouse Electric Cor- 
poration have, for many years, made 
ingots by such methods. 

The molybdenum powder is gen- 
erally placed in steel dies and com- 
pacted into ingots under high pres- 
sures. These “green” brittle bars are 
then densified and strengthened by 
electrical resistance sintering. Each end 
of the bar is gripped in a water cooled 
electrode, and a heavy current is passed 
through it. The sintering temperature 
is about 2,340 C. This operation is 
conducted in an atmosphere of pure 
hydrogen to prevent oxidation or con- 
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tamination. The bars are then rolled 
into plate or sheet, swaged into rod, 
drawn into wire or 
shapes. 

The size and shapes of bars made by 
the above method 1s obviously limited 
by the pressures that would be required 
for pressing large ingots and the cur 
rent requirements for insuring complete 
soundness after sintering. However, 
today it is not uncommon to produce 
sintered molybdenum shapes measuring 
up to 6 in. square, 4 ft long and weigh- 
ing over 400 lb. 

Another production method is more 
closely allied with conventional powder 
meiallurgy techniques. It consists of 
pressing powder under high hydrostatic 
pressures, and then sintering the green 
ingot im furnaces at temperatures of 
1,500-1,700 C. Westinghouse is now 
producing molybdenum by this method, 
using water-saturated hydrogen furnace 
atmospheres. 

Although the average ingot weight 
by this process is about 50 pounds, 
rectangular pieces 5 ft long and weigh- 
ing 700 lb, or rounds 5 ft long weigh- 
ing as much as 1,000 lb can be pro- 
duced. 

Cast molybdenum ingots also are be- 
ing produced. Casting techniques and 
equipment have been vastly improved 
during the past five years with a corre- 
sponding increase in ingot weight from 
25 to 1,000 Ib. Six inch diameter 
ingots weighing about 200 Ib have 


forged to spec ial 
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Fig. 1—Arc casting equip- 
ment capable of producing 
one-ton molybdenum _in- 
gots. Five years ago, the 
maximum size ingot that 
could be produced by this 
process was about 25 
pounds. Improvements in 
fabrication and application 
techniques have kept pace. 


Fig. 2—One-half ton cast 
ingot produced by the Cli- 
max Molybdenum Com- 
pany by arc melting. Such 
ingots are melted directly 
from metal powder. The 
molten metal is deoxidized 
to insure forgeability. 


Recently « 


num (¢ ompany. 





veloped equipment with capacity for ges between $4-$6 
arc casting a one ton ingot is shown in st of an arc cast ing 
Fig. 1. One-half ton cast ingot is $10 pet Molvl 
shown in Fig. 2 ibout $13 per Ib wi 

The arc-cast process makes molyb plate ranges from $ 
denum castings ‘‘direct’’ from molly! pending upon plat 
denum powder. The powder is ex- prices vary wha 
truded into a continuous electrode  ricating producers 

T ABLE Il Physical Pro perties 
Melting point 4,750 | 
Boiling point 10,270 | 
Modulus of elasticit 46-50 x 10° ps 
Modulus of rigidit 17 x 10° psi 
16.1 x 106 ps at 
P 1S rat 0.307 
0.321 " 

Densi 10.2 
Specific heat 6.24 cal/g " ( 
Linear coefficient of the il expan-]| 5.45 x 10°* per deg ¢ 

sion 0x 10" g | 
Thermal conductivity 0.349 cal/se g ( " 
Electrical resistivity 5.17 microl ‘ 


Temperat 


ure coefhcient of electrical 


It is 


graphic techniques hav 


to detect the pre 
metalis constituents 
indication <« 
characteristics of th 
Another type of 


op. 1 by 


prior 


Climax 


| | 
formed bar electrodes 


the powder metall irgy 


rolled from 


been produced regularly by the Climax may be used 


le The price of 


resistivity (20—100C 0.0047 per deg ( 
Heat of fusion About 50 cal ‘g 
Heat of vaporization About 1,340 cal/g 
Atomic No 42 
Atomic weight..... 95.95 
Crystal structure Body centered cul 
Electron work function 4.20 ev 


Magnetic Ss sceptibility 


3x 10-6 gm at 
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Table I1I—Room Temperature Properties of Molybdenum* 


























































































































® 
Tensil Yield _|Elongation a 
Method of Production nn yt ngth, pei | % in 2 in. | ardness . 
POWER METALLURGY Bat tpt | a 
PROCESS . 
3 
3 
‘2a 70-90 : 8 
Wire ©.010 in. as worked... . 170,000 | percent of 1 24 Re > 
© 010 in. annealed. __ 125,900 | Tensile 4 15 100 Rb 
Sheet 0.020 in. as worked. ..... 165, 000 1 26 Re 
0.020 in. as annealed... 125 000 7 95 Rb 
ARC CAST PROCESS 
Sheet 0.050 in. annealed. ......| 105-125,000 | 101-115,000 | 13-22 i 2 a t T 
© 020 in. annealed. 105-125.000 | 100-123,000 | 8-15 o ‘ | 
0.013 in. annealed . . 108-125 ,000 | 102-12 000 8-14 & OS3FS 17 — ‘Sas BS, GAR aS TIS sam bs: 
Sheet 0 020 in. cold rolled 154 ,000 151 ,060 5 | 2 osat = jek FP~2. 
in. hot rolled 108 ,000 102,000 12 1 § 2 s 167} Pools wr . 
=} 3 -<s= 
* Values are average. Properties vary with fabrication history, directionality, etrain | © O31F 3 1SF—-t ; 
rate, metallurgical structure. and other factors. ie 3 
' a 0 400 800 1,200 1,600 
Table [V—Directionality Effects on Room Temperature Tensile 
Properties FIG 3 Temperature, F 
' 
Elongation ' A LMA 
Relation to final Tensile Yield ‘ MAL SINE. 
Matertal* rolling direction | strength, psi | strength, pei — ze 
-|- Fig. 3—The high modulus of elasticity of 
Straight rolied........ on ER ae ane er eory 3 molybdenum makes it especially suitable 
Crone culled...........] Pandit. {o.4..+.. 108,900 114,100 4 tor applications requiring high rigidity. 
Transverse. ...... 123,500 125,100 12 Top curve shows Young’s modulus, bot- 








*©.20 in. sheet annealed at 1 ,800 F. 
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Physical and Mechanical Properties 


In addition to desirable high tem 
perature properties, molybdenum pos- 
sesses an attractive set of physical and 
electrical Its melting . 
point is exceeded by only two engi- | 
neering metals, tungsten and tantalum, 
and by few elements in general. As a 
matter of fact, its melting point is ap 
proximately 1,800 F higher than cur 
rently used high temperature alloys 


characteristics. 


iste d 
riatior 


and it 
ertuues 
in fal 
Its specific heat and coefficient of 
thermal expansion are about half of 
that of steel, Table II, and its thermal 
onductivity is thre 
These thermal characteristics 
molybdenum advan 
tageous heat-transfer and thermal shock 
properties, especially useful where nor 
uniform tet conditions and 
temperature cycling effects are in 
volved. Dimensional stability is con 


about times 
greater 


provide with 


Ipe rature¢ 


sequently greater and thermal stress 
problems are lessened. The electrical 
onductivity of molybdenum is about 
1 that of copper or 
only, in 


j this 


gold and magnesium 


silver, exceeded 


respect, by aluminum, 


Another characteristic of 
num is its high modulus of elasticity 
which makes it favorable for applica 


molybde 


tions where high rigidity requirements 
prevail seriously 
uffected by elevated temperatures, as 


This modulus is not 
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} 


shown in Fig. 3, but varies with sheet 
directionality and cold work. 

Rep 
ile properties for molybdenum are 


resentative room temperature ten 


in Table III. Considerable va- 
1 exists in the published data on 


the strength prope rties of molybdenum, 


is clear that the mechanical prop- 
to small changes 


curve (solid line) modulus of rigidity. 


tion of the variation in properties with 
Table IV 
po» 
properties 
ingots or 


sheet direction is shown in 
While 


sesses 


unalloyed molybdenum 


desirable _ tensile 
whether made from arc 
powder metallurgy ingots, sheets cross 
rolled from the latter material are 


sensitive to 45 deg brittle crack 


cast 


more 
ing when bent cold 

The effects of annealing treatments 
on the room temperature properties ef 


I 
molybdenum materials 























are rc sponsive arc-cast are 
yrication history Some indica- shown in Table V. Below the tem 
Table V—Effects of Annealing on- Properties of Arc Cast 
Molybdenum 
Annealing Yield Tensile Elongation Reduction 
T F point, psi strength, psi me “4 of Area VPN 
COLD ROLLED SHEET, 0.20 IN. 
As Rolled 151 ,800 154, 5 
1,600 126,500 131 ,500 12 
1,700 121,500 124,500 10 
1,800 111,000 117,300 13 
1,900 ,000 105 ,500 17 
2,000 75,400 88 ,800 29 
2,100 73,100 91,300 28 
2,200 75 500 90.600 26 
2,300 81,800 58 400 26 
2,400 75,400 78,800 39 
(% IN. DIA) 
Hot Rolied 100,100 6.9 255 
1,700 91,700 39 59.2 
1,900 84,700 90,600 41 65.7 
2,100 , 100 73,100 53 64.2 187 
2,200 1 73,600 55.6 187 
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perature range of 1,700 to 1,900 |] | vy of ‘ | th . 
stress relief occurs with no appreciabl rittleness y also V-notch ¢ ra pera 
drop in properties; above this rang: s. Recent work B ins i 1 with ne 
recrystallization takes place with typical h. igh purity § moly Recrvstallizatio eat 1 
softening reactions. Severely worked = great« lity } on ' 
metal may recrystallize as low as 1,650 grades. Und on ond ‘ 
F, but recrystallization generally begins which co ial Oo | 
about 1,900 F. Pure arc-cast moly! zero d ity, high p \ if po 
denum has a hardness of about 170 n the as ca onditio S } 
190 VPN which can be raised to 300 gle crystals of commercial purity mol » of 
VPN by severe cold work. Recrystal denum, grown at Johns Hop sa An pl of the 
lization drops the hardness to about ductile in tensile tests t ch and pment | 
the level of as-cast metal. strain-rate sensitive nderwa\ 1e study of the fa 
The ductility and reduction of area Wrought material exhil vreate pons f 
values obtained from tensile specimens, ductility than recrystallized material ; 
provide no indications of any abnormal and the experience of the molybden of low \ 
ductility characteristics. Yet, in the industry in working either powd on whereby th 
present stage of development of molyb- metallurgy, or arc-cast molvbden factorily employed { 
denum it cannot be considered as a gave rise to the conclusion that onditro 
completely ductile metal for compre fibrous structure was essential for ng g 
hensive structural usage. Under many maximum ductility However, mor The ett is 
conditions molybdenum behaves in a recent findings indicate that impurity ps f molybd - 
brittle manner. It is quite “strain rate’’ effects are the more important factors been d 1, 1 Wi 
ind “‘notch’”’ sensitive and when sub- Similar to steels and other body cen 2 Variation in strain iro 
jected to complex stresses or impact, tered cubic metals, molybdenum dis 1.38 x | an imcrea 
such as in gas turbine blading, for ex- plays a transition temperature effect ns rength und yield pou 
ample, will exhibit poor toughness it undergoes a transition from ductile 1 12 percent rest ae 
characteristics at room and moderate to brittle fracture as the temperatur 1 with a correspond a 
temperature conditions of deformation is lowered. The trans Nn gatio 1 red n ol 
When as cast, or in an equiaxed “0M (temperature is a function of the Of “ = i — 
recrystallized condition, metal exhib- ‘te of stress and strain rate. Con The results indicated tt! - ue co 
its poor room temperature impact prop- plicated stress systems (triaxial stres .. a ee A 
erties and fails in a brittle manner un- ¢S) and high rates of loading raise the ' piece 
der impact conditions. This anomalous ‘¢™perature at which brittle fractur K («)* 
behavior of recrystallized material, occurs. With the standard notched bar - 
which ordinarily would have superior Charpy test, molybdenum is brittle at y} G he stress 
ductility characteristics over wrought [0m temperature. The energy absory id nist 
material, is the subject of considerable ion-temperature curves for molybde \ nt tl 
research. Under Office of Naval Re- mum are shown in Fig. 4 for a variety char 1 phy 
search contract, Battelle Memorial In- 0! test specimens prop of molybd ire 
stitute and Johns Hopkins University While the temperature at which inding, a n of porta 
are investigating the factors responsible commercial molybdenum becomes duc acles overco el 
for this phenomenon. At present, it is tile varies with the stress systems of ind its alloy 
believed that embrittlement is caused the specimens used, the range over t t 1 
by impurities. Intergranular brittleness which the fracture transition o g purpo 
has been shown to be related to the sharp, sometimes occurring 
gues | | ‘pee: | ] 
E Reduchon ae Rs tae | 
o of area ~ ~~7 
& 80r 120 T EE 4 4 4 —— + 
° 2 1+ ie aie ——| |__| Fig. 4—Molybdenum is 
< ¢ | 4800 F relatively brittle at room 
be 60F x 90 Snr Aro +P 4 } yg wy ig map 
c) > | lp | on from this menps to 
bi 3 2 —— tt + ae’ a ductile state occurs over 
3 wi £/] \) ember ol ry» a a short temperature 
& 40+ > 60}—$ +—t oe + aan 4 range as temperature is 
? 5 SSI o> i e* A increased, but the tem- 
cs) 5 i “4 —t +———+-_,f | perature of transition var- 
c £ as V chariy, ies with the stress system 
$ 20: «= so} LB oe Ws ee ee of the specimen. High 
4 xf £ P 4 values may give difficulty 
s } RF a in fabrication and as- 
! | | sembly operations. 
ob re) 7. ies i ] L 
200 400 600 800 1000 1,200 1400 1,600 
FIG 4 Ternperature, F 
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Fig. 5—Effect of strain rate on tensile properties. 50} wt naa 4 Se ee 8 | 
On a log plot of strain rate, a straight line rela- 5 
tionship ensues. 
| oles) be 
Fig. 6—How the tensile streagth of molybdenum | 
compares with other heat resistant metals at ele- 
vated temperatures. Above about 1,400 F it is 0 400 800 1200 1600 2,000 


superior to most alloys, and above 1,800 F it still 


has appreciable strength. 
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Fig. 7—Effect of temperature on swaged and recrystal- 
lized specimens of modybdenum produced by the powder 
metallurgy process. Test specimen was } in. diameter. Fig- 
ures on curves indicate elongation in 14 inches. 


High T emperature Properties 


The known high temperature 
strength properties of edieeen 
have been responsible for the extensive 
interest in this metal for applica- 
tions such as turbine blades, rocket 
nozzles, combustion chambers, and 
similar applications. Information avail- 
able several years ago, indicated that 
above about 1,600 F, the creep and 
stress-rupture properties of commer- 
cially pure molybdenum were superior 
to those of any of our high temper- 


126 


ature alloys, which are either cobalt, 
iron or nickel base alloys. In Fig. 
6 is a comparison of the high tem- 
perature tensile properties of mo- 
lybdenum with some of our super al- 
loys; whereas the strength characteris- 
tics of presently used high temperature 
alloys deteriorate rapidly above 1,650 F. 
moly still retains useful strength prop- 
erties. 

Of course, the high temperature 
properties vary considerably with the 


Ternperature, F 





400 800 1,200 
Temperature, F 


1600 200 


Fig. 8—Hot hardness curves for molybdenum pro- 
duced by powder metallurgy techniques and by arc- 
casting. The behavior patterns in all material are 
similar, even though values differ. 


source of molybdenum powder and 
purity of the powder, method of con- 
solidation, fabrication history and other 
factors. goes ao of properties is 
apt to be misleading unless the speci- 
mens have received equivalent amounts 
of work or are in comparable states of 
recrystallization. A recent comparison 
of the properties of arc cast and pow- 
der metallurgy specimens revealed 
equivalent properties when the metal- 
lurgical history and structure of the 
samples were equivalent. 

Data on the high temperature prop- 
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erti¢és of powder-metallurgy molyb- havior than hot hardness or short time has yet been developed that provides 
denum has been published by the elevated temperature tensile tests pletely reliable oxidation prote 
National Advisory Committee for Creep-rupture data are still preliminary on, particularly above 1,800 F, and 
Aeronautics and by Battelle Memorial Nevertheless, the results indicate that at the same ti eaves the room t 
Institute. The effects of temperatures the creep properties of commercially perature d y unchanged 
4 on the tensile strength and hardness pure molybdenum at 1,800 F and Most of the processes can be " 
of molybdenum are shown in Figs. above are superior to commercial high fied under the ae eral types of , 
7 and 8. Note that the recrystallized temperature alloys. Creep-rupture data diffusion” coatings or ceramic coat 
@ specimens had lower strength values for molybdenum within the temper ngs. The former consist of covering 
than the swaged specimens at all tem- ature range of 1,600-1,800 F inclusive the surface, by el troplating, vapor 
peratures. Only at temperatures above are shown in Figs. 9 and 10 in com- phase deposition, or cladding, with a 
2,000 F do the values approach each parison with several commercial al metal that has better resistance to ox 
other, presumably due to re rystalliza loys. Part of the Navy program at {ation than molybdenum or that forn 
tion of the wrought material at these Battelle is concerned with the measure- an oxidation resistant alloy with it 
elevated operating conditions. ment of the creep-rupture and other These coatings eventually fail beca 
Of more importance to the design high temperature properties and the of the diffusion of molybdenum int 
engineer concerned with turbine blade study of the factors affecting them. the protective layer. Above a certain 
development are the stress-rupture and Tests conducted at these high temper- surface concentration of molybdenum 
4 creep properties of molybdenum. These atures require several special tech rapid oxidation then occurs. Coating 
; data provide a more reliable index of niques, and the specimens must be of aluminum, chromium and_ nick 
the long-time high temperature be- protected against oxidatio have provided some degree of pro 
on, | n most promising prot 
. : . : on has been displayed by coating 
Oxidation and Corrosion Resistance of molybdenum disilicide. Life tests of 
Ove! 00 hr. at 1,800 F, and ove 
300 hr. at 3,100 F have been obtained 
When molybdenum is heated in air, 0.05 in. per hr. Obviously such a with coatings 2 mils thick. The coa 
a trioxide molybdenum, M,03, is metal weight loss would make the use ings have also shown good servic 
formed on the surface. The oxide has of the molybdenum under oxidizing under load and when subject to thet 
a low melting point—1,460 F—and conditions impossible. mal cycling. The coating melts at 
vaporizes below the melting point even Various methods of overcoming the about 3,300 F, thus limiting the usefu 
in atmospheres containing small poor oxidation characteristics and pro- temperature range, and methods still 
amounts of oxygen. At 1,800 F, for viding adequate surface protection are aael to be developed for depositior 
example, in slow flowing air, molyb- being investigated, and some are mod in thicker layers and in a more feasil 
denum oxidizes at the rate of 0.02 to erately successful. However, no method and economical manner. Vapor depo 
} Molybdenum } 
20 Oe et ro 
° —. 
= —_——s 4 + + ; ; + 
& i on ae | ze 
° 186 F- t “~~; + + 
: 
es 30) T T 5 0 Cas? 2/./ i | j ;_ oan 
® | | i | (vifolliurn) Cast 5-8/6 “ 
og ~ Oe Oe SourceA \. | 
: | Nee Gz Cams Ba OS 
: | Source 0-477) — eS ee | 
| i a) 10 30 40 50 60 70 80 W 100 
- 1 1] X-40, os cast FIG 10 Rupture ime, hr 
©) Lj 4ON@, OYKE, AND BEAR METAL PROGRESS 
rs i a I OEE SPs SY einen dain a <A> 
} 40 + Source C. X40, / 
Source|A, \ 50 hr oF 1500 F 2,000 F (B) 1,80 F and (C) 1,600 F. 
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tion techniques are currently being 
used. 

The Fansteel Metallurgical Corpora- 
tion has recently announced the availa- 
bility of siliconized molybdenum bar, 
rod, wire, tubing and fabricated parts. 
Electric resistance heating elements, 
nozzles and jets for gas and oil burners, 
thermocouple tubes and jet engine parts 
are promising applications for these 
coatings. Unlike ceramic coatings, the 
siliconized coating is a conductor, so 
that electrical contact can be made 
through the coating. 

Some ceramic coatings 
shown excellent promise. Coatings de- 
veloped by the Bureau of Standards 
showed no deterioration when exposed 
in air at 1,650 F for 70 hr. Unprotected 
0.040 sheet molybdenum lost half its 
original thickness after 4 hour at the 
same temperature. Firing temperatures 
of ceramic coatings are also above-the 
recrystallization temperature of molyb- 
denum so they suffer from the same 
disadvantages discussed previously. Un- 
doubtedly, both diffusion and ceramic 
coatings provide adequate protection 
for usage not invoiving severe shock 
or impact loading. Both types, how- 
ever, must be nonporous, gas-tight, and 
free from imperfections to insure re- 
liable protection. 

Cladding of molybdenum with 
nickel or Inconel has been shown to 
be feasible for some high temperature 
applications. However, the relatively 
low melting points of the cladding ma 
terials, edge effects, and temperature 


have also 
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limitations will limit the use of such 
methods. 

The development of oxidation re 
sistant alloys is also being investigated, 
although this approach does not ap- 
pear to offer much promise, at least 
at this stage of the alloy picture. Alloys 
have been developed with significantly 
superior oxidation resistance as com- 
pared to pure molybdenum (but still 
excessive for engineering usage). How- 
ever, the amounts of alloying addi- 
tions required to provide this im- 
proved protection are sufficient to 
make the alloys completely unworkable. 

It has been reported that molyb 
denum can be deposited as an adherent 
coating upon base metals by low 
temperature decomposition of molyb 


denum carbonyl iy ( pyrolitic 
plating ) While the process has not 
been completely perfected as yet, it 
has been applied on a small scale to 
such components of electrical appli 
ances as copper magnetron anodes, 
magnetron rings, etc. Thin coats of 
metallic molybdenum can also be 
electrodeposited from aqueous solu- 
tions of molybdic acids containing high 
concentrations of salts. Formates, pro 
ionates, fluorides and phosphates have 
se successfully used. Copper, nickel, 
and iron cathodes have been coated 
with molybdenum with a plate thick 
ness of approximately 0.003 mm. Co 
balt, iron and nickel ; illoys of molyb- 
denum can be codepustied from these 
baths and from aqueous citrate baths 


Fabrication and Processing 


As indicated earlier, the forging and 
rolling of massive molybdenum have 
advanced to the where equip- 
ment size limitations represent the ma- 
jor problem in working large pieces. 
Powder metallurgy are usually 
broken down by rolling whereas cast 
ingots are either forged initially or 
rolled. The cast ingot must t 


stage 


ingots 


be turned 
down to remove rough surface layers 
prior to working. Working temper- 
atures are in the neighborhood of 
2,400 F. 

For successful 
denum the 


molyb- 
must be 


forging of 
content 


oxygen 





American Electro Metal Corp. 


Fig. 11—Round molybdenum extru- 
sion and the rectangular sintered bar 
from which it was made; the scale is 
calibrated in millimeters. A tungsten 
die lubricated in the normal way was 
used for production of this piece. 


maintained below a certain minimum 
Carbon is presently used as a de- 
oxidizer in the arc-cast process, but 
carbon in excess of 0.06 per cent also 
results in non-forgeability due to car- 
bide formation. Research is currently 
underway on the investigation of other 
deoxidizers that might be more efficient 
and powerful and several of these ex- 
hibit promise 

Forged or rolled billets can be sub- 
sequently rolled into bars, 
rounds, sheet, strip or extruded into 
tubing. 

Some recent work has indicated that 


rods, 





Fig. 12—Typical recrystallization time-temperature data for 0.02 


; in. 


rolled molybdenum sheet. Below 1,600 F no recrystallization 


was noticeable after long time exposure of 134 ht at temperature. 
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molybdenum ingots can be directly ex 


truded into tubing by the recently de 
veloped Ugine-Sejournet process which 
employs special lubrication techniques 
Using materials, such as glass, which 
have wide melting ranges and are 
viscous at the extrusion temperature 
is lubricants between the die and the 
work piece, alloys normally difficult to 
roll or forge have been successfully 
extruded. Uniform working of the 
ingot is obtained, and it is anticipated 
that greater strength and toughness 
characteristics will result 

There is good reason to believe that 
the higher strength molyb 
denum alloys which are now under 
development and which are difficult to 
forge can also be successfully extruded 
by this process. Several American com 
licensed under this process 


some of 


panies are 
and plant 
established in this 


facilities are now being 
country. As shown 
in Fig. 11, a fair degree of su 
has been obtained with conventional 
extrusion of molybdenum billets 

As a result of the high transition 
temperature of molybdenum, forming 
operations as shearing, bending 


ess also 


rimp 

g, drawing, upsetting and spinning 
should be performed at elevated tem 
peratures to minimize the occurrence of 
brittle cracks, particularly for heavier 
stock. For those forming operations in 
which the applied stresses are of a 
complex nature, rates of deformation 
should not be high. Many forming 
operations which result in cracks when 
conducted at room temperature are en 
tirely feasible and readily performed at 
temperatures of about 400 F. The 
initial drop in hardness resulting from 
moderate temperature treatment as 
shown in Fig. 8, helps to explain this 
increased workability 

However, sheet can be cold rolled to 
a thickness of 0.001 in at room tem- 
perature. “Know-how” has so in 
creased that cross-rolled molybdenum 
sheet under 0.020 in. can be bent 180 
deg. in any direction around a 1-T 
bend radius. Between 0.020 and 0.040 
in. sheet thickness, working should 
take place within the temperature 
range of 200 to 325 F, and for heavier 
stock 900 to 1.000 F 
should be employed 

Similar recommendations also hold 
for blanking, punching or shearing. It 
has been reported that such operations 
require sharp dies to avoid lamination 
and cracking of the sheet, and that it is 
good practice to heat the dies with 
infra-red lamps. 

In drawing molybdenum, the num 
ber of draws should be held to a 
minimum to avoid the possibility of 
cracking; and if possible, the part 
should be designed to be drawn in one 
operation. Materials such as aluminum 


tempe ratures 
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Table VI 
Corrosive Mediun Ten perat 


H.SO, ‘ 

H.SO, lut 1 
HeSO,, « ”) 
H.SO, conc 110 
HCl, con 20 
HCl, conc 100 


HCl, 
HNOs, conc 20 
HNO,, 25 percent 20 
HNO,, cone 1m 
\ é Reg i 1x 
HI ) 


lilute {) 


PO, 10 per nt 100 


Nirs 
CoO 
CO) 
Water 0) 
Stean sta 


H.S 20 


H,S 1200 


NHOH solutior 20 


NaOH, 10 percent solut 100 


NaOH } 
Sulphur, di 
Carbon 


* Fansteel Metallurgical Corporat 


bronze with low coefficients of friction 


are recommended die materials. Steel 
dies well lubricated with light oil have 
also been used 

Molybdenum can be spun into many 
shapes using conventional techniques 
and temperatures of from 200 to 400 
F. As in other forming processes, th 
heavier the sheet and the greater the 
reduction, the higher is the t« 


ture required for successful forming 


mpe¢ ra 


Aluminum bronze tools or other mate 
rials with low coefficients of friction 
are also employed for spinning 

Cross-rolled sheet usually is specified 
for drawing, spinning and forming 
operations to insure that the sheet have 
sufficient ductility for forming in all 
directions 

Seamless molybdenum tubing is 
available in dimensions from 4 in. OD 
down in several wall thicknesses. Such 
tubing is extruded and drawn to size 

If the forming operations require 
intermediate annealing treatments, the 
time-temperature conditions should be 
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Chemical Prope rties of Molybdenum* 
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event recryStallization and 


mbrittlement of the sheet 


{ 
Stress relieving can generally be accom 
plished below 1,900 F and one fabrica 
tor recommends an annealing tempera 


f 
1.830 F for not more 


ture of than 
minutes. A_ typical recrystallizatior 
time-temperature irve for 0.002 in 


rolled molybdenum sheet 


Fig. 12. Below 1.600 F no recrystal 


lization was noticeabl ven after 134 
hr. while at about 1,900 F recrystalliza 
t10n Starte 1 after hour 

With resp t to machining op 
tions, molybdenum can be shaped 


sawed, turned, reamed, drilled at 
1. Molybdenum machines with 


crumbling chip 


; 


and tungsten carbi 
recommended, although it 


OOIs are 
= 
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tO use high-spe 1 Stee 


t 
machining properties o 
with worked molybdenum when a 
form fine fibrous structure exists. Th 
lepth ol it should always be preater 
than 0.005 in 


to minimize tool wear 


Io prevent chipping the tools must be 
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very rigidly supported. Tool angles 
and rakes similar to those used for 
cast iron work are satisfactory. 

For turning and milling, sulfur-base 
cutting oil lubricants have proven satis- 
factory. Sulfur-base cutting oils are also 
recommended for drilling, tapping or 
threading. High speed steel drills and 
carbide drills with drill speeds of 30 
to 35 fpm and a feed of 0.003 in. are 
recommended. Re-threading or re- 


tapping should be avoided to prevent 
chipping. For grinding molybdenum, 
aluminum oxide, silica bonded wheels 
have proven satisfactory. Wheel speeds 
of 6,500 fpm should be used with a 
maximum depth of grind of 0.0002 
in. Grinding should always be per- 
formed with _— of coolant. Highly 
polished surfaces similar to the best 
chromium plate can be obtained by 
using standard buffing wheels 


Welding Characteristics 


Although molybdenum can be suc- 
cessfully resistance welded and arc 
welded, the weldment usually is brittle 
at room temperature. This definitely 
poses fabrication and assembly prob- 
lems for high temperature structural 
applications, particularly when the 
uses involve forming and joining 
molybdenum sheet 

The problem of ductile molybdenum 
weldments is intimately connected with 
the general problem of molybdenum 
brittleness earlier in this 
article. Since unworked cast molyb- 
denum and recrystallized molybdenum 
are usually brittle at room temperature, 
weldments involving the formation of 
exquiaxed grains by melting and by re- 
crystallization in the heat zone also 
would be brittle. Battelle Memorial 
Institute, among others, is investigating 
the problem of the welding of molyb- 
denum and some interesting welding 
experiments are being planned with 
the more ductile high purity molyb- 
denum. Even with this type of mate- 
rial, care must be exercised in the weld- 
ing operation to prevent atmospheric 
contamination, for the most ductile 
material will be embrittled by oxygen 
pick-up from non-inert atmospheres. 
Only inert gas is allowed to come in 
contact with the weld. Westinghouse 
has also investigated the use of sub- 
merged arc welding. In such a process, 
the consumable welding electrode is 
not in contact with the work, but the 
current is carried across the gap 
through a protective flux. 

Hot working of the weld imme- 
diately after welding can be employed 
to break up the cast and equiaxed 
structure and to provide weld ductility. 
Another possibility to avoid weld 
brittleness is the development of weld- 
ing techniques which do not put the 
metal in the molten condition. Spot 
welding without fusion and “solid 
state” pressure welding of molybdenum 
are two approaches currently being in- 
vestigated. As yet it is too early to 
report any definite progress on this de- 


discussed 


eo 
any electronic components fabric- 
ated out of molybdenum sheet are 
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brazed with copper or silver solders. If 
the surfaces are clean, no flux is re- 
quired. Spot or seam welders can be 
used. For applications in which the 
operating temperatures are above the 
melting points of copper or silver 


solder, tantalum foil has been em 
ployed as a brazing material with ex 
cellent results. The latter requires 
brazing under water to prevent oxida- 
tion. 

Molybdenum, platinum and palla- 
dium eutectic alloys have also been 
employed. A_nickel-chromiun alloy 
containing 2 to 3 per cent boron (Wall 
Colmony No. 6) has been reported to 
be a good brazing alloy for service con- 
ditions up to 2,000 F. The presence 
of nickel in brazing alloys is considered 
helpful. 

Furnace brazing of heavier molyb- 
denum sections requires the use of 
hydrogen or inert atmospheres ; silicon- 
izing after brazing is not recommended. 
Molybdenum has also been success- 
fully joined by riveting operations 
using ““moly’’ rivets 


Alloys of Molybdenum 


The striking high temperature prop: 
erties of commercially pure molyb 
denum have led, naturally, to investiga- 
tions of molybdenum base alloys that 
would possess superior properties 
Numerous contemplated high tempera- 
ture structural applications require 
higher strength properties than ex- 
hibited by pure molybdenum 

The Climax Molybdenum Company, 
under Office of Naval Research con- 
tract, is conducting a comprehensive 
investigation of arc-cast molybdenum 
alloys, and has recently reported the 


results of the study of binary molyb 
denum rich alloys. Some seventeen dif 
ferent alloying elements were explored, 
consisting mainly of the transition ele 
ments. Table VII summaried the 
hardening effects of the various ele 
ments investigated. The potent effects 
of many of the elements on increasing 
the hot hardness of molybdenum are 
shown in Figs. 13 and 14. Nickel, 
cobalt and iron appear to be potent 
alloying elements for inc reasing high 
temperature tensile strength and hard 
ness, as does beryllium. However, high 
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hardness complicates fabrication. Only 
nominal amounts of alloying additions 

much less than the solid solubility 
limits of the alloying element at the 


Table ViI—Relative Ability of Various Elements to Harden Molybdenum 
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forging temperature—are permissible att at 0 | ) 
without exceeding forgeability limits \s ca i 
A recent study of molybdenum-base Hichest 
alloys made by powder-metallurgy ne ae \ \ 
techniques, indicated that the amount ( 
of useful alloying additions was gen- t 
erally less than one per cent. ( . : 
V 
The hardness of arc-cast molyb- Ta, Ti, ( ( 
denum is 1,600 F is about 70 VPN Lowes 
and only alloys that are lower than 90 espns ° 
VPN are forgeable. However, material 
with higher hardness values can be ex- lable VIII—Creep Properties of Molybdenum Alloys* 
truded. Indications are that with hot 
working of the alloys at 1,600 F hard _ ( 
nesses as high as 180 VPN are Alloy Addition | el t 
possible if suitable extrusion dies could percent in weight t 
be developed. Molybdenum alloys 015 Si 
themselves might serve as the die mate- 201 234 ) 
rials. It is apparent, that for the pres 0.15 Co | if 
ent at least the dilemma is the neces 
sity of developing materials which re * At 1,800 F and 20,000 psi. Specimens wer kel clad t \ 
sist plastic flow at temperatures of (Batelle Memorial Institute) 
2,000 F and higher and the practical 
situation of having to work these alloys 
at these temperatures. Until hot work tec hniques may prove to be feasible hardness 2 1¢ } rt fro 
ing techniques can be developed, to The molybdenum-beryllium alloys 3,000 F raises the hard: 
utilize the full strengthening potentiali- studied by Climax exhibited interesting VPN Appropriate aging 
ties of alloying elements, the selection reactions to heat-treatments. The hard- increases this hardness still fur 
ot an alloy for applications requiring ness of these alloys probably can be maxis of abo VPN. 7 
hardness and strength at elevated tem- controlled by heat-treatment, since they hardness of a fully aged sa 
peratures will involve compromises be- displayed precipitation hardening char about 570 VPN at I 
tween the desired hardness and the acteristics that are currently being more VPN at 1,600 F. Overa, it 
ability to hot work the alloy. For cer- fully explored s slow and it appears that the « 
tain shapes and applications, process- The hardness of an annealed Mo-Be | te: pera strength and hardn 
ing alloys by powder metallurgy 0.15 per cent alloy is about 230 Vickers ecipitation hardened Mo-B 
in be maintained for appré 
re periods of ne in service, at O} 
' temper es up to 1,750 I 
™ Ihe development of hea 
c 1] athe all +] oil cad 
£ alioys Will allow ne tf p! l 
31000 working and hardening techniq 
$ commonly used in the 
E ferrous industries. Softening heat 
3 ments would permit forging o 
“ sion and by appropriate hi 
fr ment, full hardening potentialit 
5 the metal can be yped 
* 600 quite conceivable that ybd 
fr beryllium alloys may occupy a 
2 position to molybden il 
Some copper-beryllium does to ppt 
a alloys 
All of the elements inv 
with the ex ption of on 
se 04 8 12 16 20 24 28 3.0 the recrystallization temperat 
tanium alloys exhibited the high 
FIG 14 Weight, percent crystallization temperatures 
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as vm a ieee aoe — of work hardness afte ul 
Some recent tests indi that 
alloys exhibit goin \ 
Fig. 14—Dynamic hardness of molybdenum base alloys after one hour at corn gumtese Henn 
3,000 F. These materials contained smaller amounts of alloying elements than wae er eo Am ay na 
those in the previous illustration. Fabrication problems limit additions. ; ano I rere : 
Of course, the allo work 
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is preliminary, and considerable mot 
work is required before final conclu 
sions can be drawn concerning usef 
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Climax is still continuing its 
program on alloy forgeability, di ve lop 
ment of improved alloys, improvement 
Of properties by heat-treatment, and 
deoxidation studies, all aimed at de 
velopment of useful refractory molyb 
denum base alloys. Th most promis 
ing of the alloys are being intensively 
studied to determin optimum com 


position ranges and to establish desired 


engineering data 

Battelle studies with powder-metal 
lurgy alloys for the U. S. Air Force. 
supported these findings. Binary and 
ternary alloys were investigated and th 
outstanding cree p-rupture properties of 
all the alloys tested are shown in Tabl 
VIII. Under similar conditions. molyb 
denum ruptures in less than 50 hours 


tive coatings and greater toughness ar« 





Fig. 15—Molybdenum turbine blade currently under development by Thomp- 
son Products Company, and an etched cross section of the rough forging. 
Upset and first blockdown were performed at 1,800 F, while the second block- 1946. 
down and coining operations were done at 2,000 F. 





Fig. 16—Spun cups. Molybdenum can be formed by spinning at temperatures 
between 200 and 400 F. Aluminum bronze tools, or tools made of other 
materials with a low coefficient of friction are preferred. 


Westinghouse is marketing a pro cent worked material 


M2A"’, that 


has greater strength and ductility than 


Oonvc! For 
prietary alloy, known as the alloy ranges from 17 to 75 per cent 
stronger and has appreciably more 


pure molybdenum In comparison with ductility. Its high temperature hard 


molybdenum, for drawn and annealed ness, as measured up to about 1,100 I 


wire, the M2A alloy is about 25 per is also superior 


Applications and Future 


The major interest in molybdenum needed before molybdenum alloys will 


ind molybdenum alloys as high tem be fully uccepted as blading materials 
perature materials is directed primarily Aside from potential high tempera 


toward gas turbine blading, combus 
tion chambers, and similar applications 
lhompson Products Co Npany is now 


ture applications, there are other :n 
dustrial usages for which molybden 


and molybdenum base alloys may prove 


engaged in the development of molyb practical. Their use as die materials 


jenum turbine blades, Fig. 15. The 


illoys that have been deve loped to date 
té¢ 


for die-casting brass and other rea 
tively high melting alloys appears most 


| 
irs hing |! r | 
ij l 


have the requisite hizh ing, tubing, liners at 
valve applications in the chemical ind 


mperature promising. I 
strength properties, but better prote: 
related industries can take advantag 
of its non-corrosion properties Its use 

, 


tor metal working tools appears likely 


There is little doubt that as a result of 


rovernment and industrial programs 
now underway molybdenum will soon 
occupy a competitive position as a 
tructural engineering material 
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Method for calculating data needed for the detail design of pyramid type bending 


rolls. Forces acting on 


eters of top and bottom 


E. A. RANDICH 


IN THE DESIGN of all metal working 
machines, before the engineer can pro 
ceed with the detail design of frames, 
housings, journals, bearings and gears, 
he must know the forces and work 
loads present in the fabricating opera- 
tions. Such knowledge frequently can 
be obtained only by tedious and pains 
taking study and analysis 

The objective of this article is to 
present an accurate method that facili 
tates the calculation of the data needed 
for the detail design of bending rolls 

Assume that a pyramid type of 
bending machine is to be designed, in 
which rolls of equal length L are dis- 
posed as shown in Fig. 1. The bottom 
rolls have a diameter d and are spaced 
on a center distance C equa! to Bd 
7 he top roll has a diameter D equal 
to kd. The material in the rolls has 
a modulus of elasticity E. The rolls 
are to curve plate to a minimum diame 
ter D’ equal to akd. The plate material 
to be formed has a yield point stress of 
S, ps! 


The top roll is loaded with the force 
P required to bend the plate, and the 
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Design curves similar to those 
shown in Figs. 2 and 3 can be 
readily constructed from sim- 
ple logarithmic formulas that 
can be derived for plates of 
different physical properties 
and for bending rolls of vari- 
ous proportions and center dis- 
ta..ces. 


Fig. 2—For conditions as cit- 
ed in the example: The solid 
line curves give d when L/t is 
greater than 109; the broken 
line-and-dash curve gives D as 
a function of d when L/t is 
greater than 151.5; and the 
dash line curve gives D as a 
function of d when L/t is less 
than 151.5 but greater than 
109. 


Fig. 3—For conditions as cit- 
ed in the example; the solid 
line curves give d, and the 
dash line curve gives D as a 
function of d, for L/t ratios 
less than 109. 


Equating Eqs (6) and (7) 


Pp 2S, Le (1 us ak (8) 
SaB kd 
Considering the top roll to be a 
uniformly loaded simple beam, the 
bending moment Mp required to pro- 
duce a maximum stress $, in the out- 
side fibers of the top roll is 

PL «DS, r Bd*S ; 

Mn= ao a = 3 J (9) 


or 
P =x B#S,/4L (10) 
By the same reasoning, the relation 
between the load F on the bottom rolls 


and the maximum stress S, in the out- 
side fibers of the bottom rolls is 


F=an@S,/4L 1] 


From the condition that all rolls have 


the same deflection at their mid- 

lengths, from Eqs (4), (10) and (11) 

S; = S,/i 12 

By equating Eqs (3) and (10) the 
relation 

S, = 4.8 Ekdf,/L? (13 


is obtained, which inserted in Eq (10) 
gives 
P = 3.77 kd*f,E/L? 14 


Finally, the relation between d, f,, 
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D, top roll diameter, in. 
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L, plate width, in. 


S,, L and ¢ is obtained by equating 
Eqs (8) and (14), which yields 
S,L‘# (1 + ak) 
"5.66 a8 MAE 

The diameters of the bottom and 
top rolls of a bending machine for 
rolling plate of any width and thick- 
ness can be calculated from Eq (15) 
for the conditions that: All rolls are 
made from materials having the same 
modulus of elasticity; all rolls have 
the same length; and all rolls have the 
same deflection at their mid-length. 

As an example to demonstrate how 
the design proceeds from Eq (15), 
assume that a steel plate of width L 
and thickness ¢, having a modulus of 
elasticity of 29,000,000 psi and a yield 
stress of 45,000 psi, is to be rolled to 
a diameter not less than 1.5 times the 
diameter of the top roll; a fiber stress 
of 15,000 psi in the rolls is not to be 
exceeded during rolling; the maxi- 
mum allowable deflection of the rolls 
is 0.001 in. per in. of roll face; and 
the center distance between the bot- 
tom rolls is to be 1.5 times their di- 


é= (15) 


ameter. From these requirements 
E = 29,000,000 S, = 45,000 
f =O0001L a 1.5 B= 1.5 


Then for Eq (15), 
and d are unknown 
Calculate & by equating Eqs (2) 


the quantities k 


and (4) results in the relationship 
j 1.52 
24)! : 
Vo a41s 
from which & = 1.135 


Putting these values in Eq (15) 

@ = 0.174 Lf 16) 
taking the logarithm of both sides, Eq 
(16) becomes 

pees 3 log L+2 log t—0.75)/5 
log d=0.6 log L+0.4 log 1-0. is (17) 
With value of d as calculated from 
Eq (17), the distance x from Eq 
(5) is 
1.5 X 


a 


= in 


nin 


C1 135d d . 
= = 945d 
x an 0.94 
the bending moment from Eqs (6) 
and (7) 


Vp = 0.2362 Pd = 7,500 Lf = (18) 
or 

Pd = 31,785 L# (19) 
From Eq (10) 

PL = 1.15 #&S, 20 
Combining Eqs (3) and (20) 

S, = 158,100 d/L (21) 


From Eq (21) it can be seen that 
the stress 5, is greater than 15,000 psi 
when the L/d ratio is 10.55 or smaller. 
From Eqs (12) and (21), the stresses 
S, and $, are greater than 15,000 psi 
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when the L/d ratio is 9.29 or smaller. 
Since from Eq (16) 
(L/d)* = 5.76 (L/t)? 
for the critical ratio L/d equal to 
10.55, the relationship between L and 
t is 
L = 151.52 

and for the critical ratio L/d equal to 
9.29, their relationship is 


L = 109 


From these relations, to obtain a 
roll stress of not more than 15,000 
psi it can be concluded for the condi- 
tions assumed in this example that: 
A. When the width of the plate is 
equal to or greater than 151.5¢, Eq 
(17) can be used to calculate the di- 
ameter of both the top and the bottom 
rolls. When the L/t ratio is less than 
151.5 but greater than 109, Eq (17) 
can be used to calculate the diameter 
of only the bottom rolls. In Fig. 2 
the solid line curves give the relations 
between d, L and ¢ for values of L/t 
greater than 109, and the relation be- 
tween d and D when L/t is greater 
than 151.5 is given by the Soden 
line-and-dash curve 
B. When the width of the plate is 
between 109¢ and 151.5¢, the top roll 
diameter must be increased to reduce 
the stress in this roll. 


50 
L, width of plate, in. 
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For Case B, an equation for the 
diameter of the top roll is formed by 
combining Eqs (9) and (19) and 
setting S, equal to 15,000 psi, whence 

D 1.39 W/(L2)8/d 

In Fig. 2 the relation between d 
and D when the L/* ratio is less than 
151.1 but greater than 109 is given 
by the dash line curve. 

C. When the plate width is equal to 
or less than 109¢, the diameter of all 
rolls should be increased. 

For Case C, when the stress in all 
rolls exceeds the permissible stress of 
15,000 psi, the roll diameters are de 
termined from the condition that the 
bending stresses in the three rolls are 
equal rather than their deflections. 

The stress $, in the top roll and the 
stress S, in the bottom roll are given 
respectively by 

S, = 4 PL/xD, and S, = 4 FL /## 
then for the condition that S, equals 
Sy 

P/F = (D/dP = FB 
which when substituted in Eq (2) 
gives 
k= 1.19 

With & equal to 1.19, the new value 

for x is calculated by Eq (5) to be 


x = 0.953d 












From Eqs (6) and (7) 


0.9530P 45,000LT 
4 ¢ 
or P 31,500 L,/d 
substituting this value of P and the 
value 1.19 for & in Eq (9), the di 


ameter of the bottom roll is 


d 112 WLe 
and since D equals kd 
D 119 d 


A formula similar to Eq (17) can 
be written for D the diameter of the 
top roll as 


log D= 0.5L 4 + 0.1248 


For L/t ratios less than 109, the 
curves of Fig. 3 give the diameter of 
the lower rolls as a function of plate 
width and thickness, and the diameter 
of the top roll as a function of the 
diameter of the bottom rolls. 

The foregoing analysis and pro 
cedure can be applied to the design 
of rolls tor curving nonferrous plates 
as well as for the different ale of 
steel plate. For plates of different 
materials the constants, of course, vary 
with yield strength, tensile strength, 
maximum allowable fiber stress, di- 
ameter to which plate is to be rolled, 
and center distance of bottom rolls. 


0.5 log i 


culations called for by “instructions” on the tape; and UNISERVOS, which feed tape into and receive calculations from 
the main calculator. This equipment carries calculations as discrete numbers and has high arithmatical accuracy. 


Organizing a Computer 


F. P. COZZONE 


Lockheed Aircraft Corporation 


AUTOMATIC COMPUTING MACHINERY 
is becoming an increasingly important 
factor in design and analysis pro- 
cedures because it reduces the time 
necessary to perform elaborate basic 
calculations. In many cases it permits 
the substitution of a rigorous engineer- 
ing analysis for a trial-and-error de- 
sign procedure 

In the aircraft industry, the initial 
work with automatic computing ma- 
chines developed when it was found 
that IBM digital computing ¢quip- 
ment showed a direct cost advantage 
over manually operated desk calcula- 
tors for handling the numerical re 
duction of many involved problems 
such as the determination of structural 
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section properties, unit beam analysis 
equations, and in the solution of the 
flutter analysis matrix equations. In 
such cases, the computations were al- 
ready being performed manually and 
the contribution of the automatic 
machines was to reduce both the 
direct cost and the elasped time to 
accomplish the work 

More recently, two fundamentally 
different types of analogue computers 
have been developed and are being 
widely used to solve a great variety of 
engineering problems. In addition, 
there has been substantial improve 
ment in digital machines to extend 
their practical usage. These equip 
ments have been successfully adapted 
by many industries including air 
frame manufacturers to obtain solu- 
tions to problems that have hitherto 
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defied rigorous analysis, such as prob- 
lems of transient dymanic loading and 
of stability and control. Here the 
direct cost of obtaining the solution 
has not been of primary importance 
because the solution of the problems 
might readily provide the difference 
between an initially satisfactory prod- 
uct and a product that could be used 
only after a long and costly trial and 
error development program. 

In a study of engineering comput- 
ing facilities, it is not a matter of 
whether the engineering department 
should set up computing facilities, but 
rather, a question of how large a 
facility and what type of equipment 
are needed. Generally, it is not possi- 
ble to justify the initial use of auto- 
matic computing machinery on a 
direct dollar cost because ‘he 


basis 
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Rand Corporation 


Fig. 1—UNIVAC digital computer is composed of several units: From left to right are the master control where “pro- 
gramming” is initiated; UNITYPER which prints data on magnetic tape; the UNIVAC proper, which performs cal- 
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Fig. 2—Three punched-hole memory units are part of the IBM Selective 
Sequence Electrunic Computer. Each consists of ten reading stations and 17. 
a device for punching intermediate results in tapes for use in later phases 18 





. Construction of mathematical tables. 
2. Differencing to any order desired. 


3. Interpolation using “rst, second and 
higher order differences. 


4 Numerical integration. 

5. Harmonic anatysts. 

6. Solution of simultaneous equations. 
7. Multiplication of series. 
8 
9 


. Matrix and determinate calculations. 
. Method of least squares. 
10. Differential equations. 
11. Fourier analysis. 
12. Successive approximation methods. 
13. Curve fitting. 
14. Systematic handling of linear arrays. 
15. Partial differential equations. 


16. Systematic sorting. 


of a calculation. Equipment is also called the “Defense Calculator”. 


Center in 


functions of the machines will not 
directly replace existing functions, and 
the advantages obtained will be in the 
more nebulous terms of advancement 
in the “state of the art”, better design 
and improved competitive position. It 
therefore requires top-level policy 
decisions to set up the required facil- 
ities and to establish an effective or- 
ganization to be responsible for 
developing techniques and procedures 
for applying automatic computing 
equipment to the solution of engi- 
neering problems. 


Types of Computers 


Computing equipment can be classi- 
fied in two general types—digital and 
analogue. The digital type is defined 
as equipment that carries calculations 
as discrete numbers with complete 
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Random sampling. 
. Data reduction. 


the Engineerin g¢ Department 


arithmetical accuracy to the number 
of significant figures specified. Typi- 
cal calculators of this type are: The 
IBM Card Programmed Computer, 
IBM_ Selective Sequence Electronic 
Computer (‘Defense Calculator’’), 
Eckert-Mauchly “EDVAC” (Elec- 
tronic Discrete Variable Calculator), 
“MANIAC” (Developed at Princeton 
University under Army Ordnance 
sponsorship), and the Remington 
Rand “UNIVAC” shown in Fig. 1 
on facing page. 

Standard machines use cards only 
to represent numbers in the particu- 
lar operation or sequence of operation 
to be performed as dasnsdecd in ad- 
vance by the position of wires that 
the operator inserts in a plug board. 
Thus, the computing routine cannot, 
in general, be changed without stop- 


ping the machine and performing 
time-consuming manual manipulations 
In the card programmed calculator, 
the program for calculation is con- 
tained on a deck of cards fed into 
an accounting machine. Holes punched 
in the cards signify both numbers and 
instructions to the machine. Each 
card carries on eight-digit instruction 
that specifies the location and storage 
of the factors to be operated upon, 
the operation to be performed and 
the disposition to be made of the 
result. By feeding cards carrying the 
appropriately punched card code, a 
non-repetitive sequence of operation 
of any desired length can be carried 
out. The machine is set up so that 
some operations other than addition, 
subtraction, multiplication and division 
are already incorporated in the ma- 
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chine. For example, only one coded 
signal is required to call for the tak- 
ing of a square root, sine of a function, 
cosine of a function, raising a number 
to a power, series expansion and a few 
other complex operations. Plug boards 
are also provided to take care of the 
computations that are repetitive. 

The digital machine can basically 
be broken down into three units: (1) 
Storage unit; (2) arithmetic unit and 
(3) control unit. The storage unit 
is capable of holding forty-eight 10- 
digit numbers including a sign for 
each number. The input, as mentioned 
above, is on cards fed into the arith- 
metic unit and the output can be 
printed tabulated results, cards or tape. 
For internal storage, the calculator 
uses 80 mechanical counters; for ex- 
ternal storage, cards are used. A cal- 
culator punch is used to prepare these 
cards and also to record on them the 
results of calculations. One or more 
supplementary units provide storage 
for sixteen 10-digit plus or minus 
numbers relayed to it from the elec- 
tronic calculator. Fig. 2 shows one of 
three punched-hole memory units in 
the IBM “Defense Calculator.” 

When a stack of cards is run 
through a card programmed electronic 
calculator, it is capable of reading sev- 
eral mumbers from each card and 
performing a complex, prescribed se- 
quence of additions, subtractions, mul- 
tiplications or divisions. It can punch 
one or more answers into the unused 
portion of the same card and also store 
some of the answers obtained for use 
in connection with the data read from 
the following card. Table I lists typ- 
ical operations to which the card pro- 
grammed calculator has been suc- 
cessfully adapted 


Analogue Computers 


Analogue equipment is capable of 
working 
rather 


variables 
numbers. 


continuous 
with discrete 


with 
than 





1. Reduction of experimental 
data 
2. CAA minimum required field 
length determination 
| 3. Solution of flutter matrices 
4. Section properties and internal 
loads on shells 
5. Engine performance selection 
6. Fire control evaluation 
7. Summary of airplane perform- 
ances 
8. Probability of radar detection 
study 
i 9. Stability of elastically coupled 
| bodies 


Table II —“Routine” Problems Handled on IBM Computers 


This type of equipment can be broken 
down into two basic classes: (1) Op- 
erational analogue equipment, which 
performs specific ‘nctaietied opera- 
tions on input quantities, and (2) di- 
rect component-to-component analogue 
equipment, which provides a means for 
making an equivalent mock-up of some 
physical system. The operational equip- 
ment consists essentially of individual 
units such as “adders’’, “multipliers” 
and “integrators”. These can be 
coupled in accordance with particular 
algebraic or differential equations and 
will maintain a specific mathematical 
relationship between all variables while 
an independent variable is scanned 
through a range of possible values. 
The direct component analogue equip- 
ment, on the other hand, consists of 
building blocks (normally electrical in- 
ductances, capacitances, and _resist- 
ances) and a means for coupling so 
that the mass, stiffness and damping 
constants of a physical structure can 
be simulated to provide an electrical 
response to any equivalent excitation. 


Differential Analyzers 


General-purpose operational an- 
alogue machines are called differential 
analyzers. Typical among these are: 
(1) “GEDA” (Goodyear Electronic 
Differential Analyzer), (2) “BEAC” 
(Boeing Electronic Analogue Com- 
puter), (3) Electronic Analogue Com- 
we Components (George A. Phil- 
brick Researches, Inc.) (4) “REAC” 
(Reeves Electronic Analgoue Com- 
puter) and (5) “MADDIDA” (Mag- 
netic drum digital differential analyzer 
made by Northrop Aircraft). 

Except for the “MADDIDA”, 
these equipments differ only in size 
and degree of refinement. They are 
relatively simple to use for solving par- 
ticular problems because they are set 
up directly from algebraic or differen- 
tial equations and work rapidly enough 
to allow their use directly as a part 


10. Structural cutout analyses 


(iterative process) 

11. Solution of fatigue strength 
summation equation 

12. Solution of flexural pivot de- 
sign curve 

heat 


13. Solution of transient 


transfer 


:4. Harmonic analysis of experi- 
mental data 


15. Least square analysis 


16. Solution of 
equations 


17. Curve fitting 


simultaneous 








be a ee 
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of an operating system (Partial sys 
tems testing). Such a computer could 
be used to supply airplane response 
characteristics to close the servo system 
loop for making laboratory tests of 
an autopilot system. The main disad 
vantage of this equipment is a phys- 
ical limitation on the accuracy of its 
components. Because these can rarely 
be better than most of the physical 
data on which designs are based, there 
arises the question of the overall ac- 
curacy of solution in some complex 
problems where it is desirable to make 
accurate solutions for both lower and 
upper limits of physical data to deter- 
mine the effect of small changes in 
physical constants. 

“MADDIDA” is not strictly an 
analogue machine. Its internal com- 
puting is done digitally and its com- 
puting accuracy is therefore not limited 
to the accuracy of its components. It 
is, however, arranged to work with 
continuous input and output variables, 
and is comparable to other differential 
analyzers in its capabilities. The prin- 
cipal advantage over the above types 
of differential analyzers is its six-sig- 
nificant-figure accuracy, though there 
is also reason to believe that it will 
be somewhat easier to maintain. Its 
principal disadvantage is that its com- 
puting speed is not sufficiently rapid 
to allow its use for partial systems test 
ing and that function, therefore, will 
require other equipment. 

These analyzers will handle ordi- 
nary differential equations, linear or 
non-linear, up to the seventh order for 
the ““REAC” and to about the twenty- 
second order for “MADDIDA”. They 
are also very useful for making cross 
plots of simple and complex algebraic 
expressions of physical phenomena for 
Survey purposes 


Network Analyzers 


Direct component-to-component an- 
alogue machines are called network 
analyzers and are not as available as 
the differential analyzers. They were 
initially developed, as the name im- 
plies, for analyzing electric power net- 
work systems. Both General Electric 
and Westinghouse Electric have de- 
veloped their own and have used them 
extensively. 

There is a distinct advantage to the 
use of the direct analyzer equipment 
since all elements of the physical sys- 
tem, or nearly all, have their counter- 
parts in the analogue and as such are 
under the direct and independent con- 
trol of the operator. To study the ef- 
fect of varying a certain element of 
the system, the operator needs only 
to vary the corresponding element of 
the analogue. In addition to the ad- 
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Related Equipe 
Detens« 

| Calculator 

1 1BM CPC 
MADDIDA 


1. Airplane Stability Analysis 








2. Servomechanism Performance 





4. Fire Control Problems 


i. Dynamic Load Analysis 











5. System Performance Analysis 





6. Aerodynamic Loads 


Flutter Analysis 


8. Weight Study or Analysis 





9. Landing Gear Shimmy Analysis 





10. Buffeting Load Analysis 


























: ee — 
11. Heat Flow Analysis 
12. Analysis of Rotating Shafts 
13. Airplane Structural Lite Expectancy Analysis 
4 
14. Airplane Operating Cost Analysis 
15. Shock Mounting Analysis and Design 
. 
) 16. Analysis of Precision of Measurements 
a 
§ * 
E 17. Atomic Energy Design Studies 
j ' 
18. Antenna Design 
q ——— 





19. Radome Design 


| _ 


. Wave Guide & Transmission Line Design 











21. Aerodynamic Design Studies & Analysis 














4 —_ 

; 22. Trajectory Analysis & Determination 

q ata —-+y 
23. Optimum Design Studies (Weight, Space) 

g 













vantages of a direct one-to-one cor- 
respondence between analogue ele- 
ments and system elements in design 
work, rapid and accurate solutions of 
complex nonlinear problems are also 











means other than the direct analogue 
computer are extremely difficult, thus 


of this type is made by 
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Solid black squares indicate equipment best suited for given problem; then white; then color 





giving the direct-analogue technique 
a distinct advantage in engineering de 
sign and applications where the ef 
fects of many parameters have to be 
investigated to ensure optimum per 


obtainable. formance of the final design 
In some of the. non-linear applica- 
tio ifferenti . : i . : 
ons, partial differential equations Simultaneous Equation Solvers 
have had to be solved by difference 
equations. Computations made by The only commercially available unit 
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Table Ill — Classification.of Five Computers ere SUM 
to Their Adaptability to Different Types of Aircraft Design 
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punched card form has been developed 
it the Watson Scientific Computing 
Laboratory in New York City 


Poly nomial Root Solvers 


No commercially available d 

of this type are known, although a so 
alled electronic ‘.*% computer re 
ently developed by AMC at Cam 
ridge, Mass. reportedly handles roots 
ip to a tenth-degree polynomial. In 
this same category is an electrical alge 

braic equation solver developed at the 
University of Pennsylvania. This ma 
hine can determine all the roots of 
an algebraic equation of eighth degre 
having real coefhcients 


( 
1 
} 
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Auxiliary Equipment 


rhere has been a significant increase 
n the amount of data that is recorded 
on oscillographs, and the reduction 
of these data into time histories or 
quantitative plotted date is becoming 
ever more time consuming. With an 
oscillograph reader, it is possible to 
ad oscillograph records with a speed 
and accuracy virtually impossible by 
manual means. One such unit is tlh 


C 
elereader aesigned by the Telecom 
puting Corp. and built by the Consoli- 
dated Engineering Corp. This equip 
ment provides a 24-times enlarged 
image of the data record. Included 
with this image is a system of movable 
indicating cross wires whose position is 
indicated on binary electronic counters 
to 0.001 in. (relative to some arbi- 
trarily fixed reference axis where the 
ounters were initially zeroed ) The 
perator of the machine keeps the indi 
cating cross wires constantly on the 
trace as it is slowly advanced by an 
electrical drive. 


A machive that works in conjun 
tion with the oscillograph reader is 


called an automatic data punch. One 

h unit is the Telecorder, which pro- 
vides permanent data in the form of 
punched cards. Used alone, it dis 
plays a four-place number, the magni 
tude of which is a measure of the 
value of the recorded trace deflection 
at a chosen point on the record. When 
used with an IBM Type 517 summary 
punch unit apable 
punching cards at a rate of 50 per 
minute. For each point recorded, in 
formation punched in the card can 
consist of point number, primary coded 
counter readings 15 ligits of identi 
fication, calibration factors, zero set 
tings and other data. Conversion of 
a binary number to a decimal, | 
the introduction of calibration factors 
and zeros can be readily accomplish¢ 
in One Operation by the IBM ca 
The accuracy of readings fo 
bined Telereader and Telecorder de 


| 
A the combination Is ¢ 


o! 


a 
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Development 
Differential Prelim Design, Aero, 
Analyzer Wind Tunnel, 
Speciolist Spec. Proj., Fli. Test, 
Res. Lob., Stoff, 
Struct. Proj 
Ql | 
IBM Network 
Specialist Anolyzer Aero 
Specialist Analysis 
Programming m5 ’ : 
Operations Structure Servo 
a Analysis Analysis 
Maintenance 
Programming i ere Fig. 3—Personnel in a com 
& oe puter facility consists of sec 
Operations isisiiemenn tion head, mathematical ana 
lysts and machine operators 








pends almost entirely on the operator's 
ability to set the cross wires on the 
trace being read. 

The combination reader and data 
punch system works with decimal num- 
bers directly. It appears to have some 
advantage for reading continuously 
moving records, but the Telereader 
and Telecorder combination is better 
adapted to scanning fixed records, P ar- 
ticularly if two-coordinate reading is 
desired 

Other auxiliary eee includes 
graph platters, data re 

ape readers and punches, and decim: al 
to-binary (and inverse) conversion 
levice S 


uction devices, 


Computation Problems 


Computation problems are listed in 
Tables II and III. The first list con 
sists of problems that have been han 
lled at Lockheed on IBM computing 
machines; the second list consists of 
ture computation problems, some of 
h have been done on computing 


| 
hines by other companies and some 


whi 


of which have not been done at all 
I'wo classifications have been added to 
Table III: (1) A reference to the 
engineering group which has, or may 


have that type of prol lem, and (2) 
in indication of the relat idapt 
ibility of the machines for tl ylution 
of each ty f proble For a giver 
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problem, one ype of computer 


suited, another adaptable and a third 
unsuited. 
ious machines require detailed infor 
mation on computer characteristics, the 
nature of information sought, whether 
a general or specific problem is studied, 
the relative costs of preparation, and 
interpretation as compared with actual 
computer costs and many other fac- 
tors. The colored ‘‘boxes” in the center 
of Table III give an indication of the 
adaptability of various computers as 
they relate to 23 types of aircral ft de- 
sign problems. The color code is il- 
lustrated in Problem No ( Servo- 
mechanism Performance Analysis). 
Solid black shows the Differential An- 
alyzer is best suited for this type of 
tudy, the “MADDIDA” is next 
( (shaded black), then the Network An- 
alyzer (white), then the Defense Cal- 
culator (shaded color) and finally the 
IBM Card Calculator (solid color), 
which is least suited to the solution of 
this servomechanism problem 


Precise ratings for the var- 


Computer Facility Organization 


The organization of an engineering 
computing facility requires the assign- 
ment of specifi responsil ilities for the 
following functions 

(1) Determination of work prior- 
ities and general administration of 


omputing group a tivities 
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vo 
ysis 
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wee" “Sy e Fig. 4—Sample installation for IBM card programmed 

a com "¢ , e calculator and MADDIDA includes space for equipment, 
of sec a operating personnel and room for future expansion 
al ana — 
erators 
el] ( QO; my] 
rd ea 
if r M ley ] 
yr aE 

. Ld) ) 
he (4) Detail programming of ma ization 
er hines (Detail break lown of mathe Met! 1d 
d, atical Operations into machine in should sically independent « 
nd tructions). sign schedules. Many applicatior 
. (5) Computing eq If velop computing chines to engi , a . 
7 ment (Keeping abreast ol develop work require considera leveiopment nods OF analysis for xe W 
er nts in computing field) that cannot be justified on the bas £ 
he (6) Problem analysis (Breakdown of reduced cost or elapsed time on th roup should mad 
as of engineering problems into forms first job on which it is used. In thes rienced engineers from each 
le- most easily handled by machines and _ instances, methods development should yor branch f engis 
: ; t 
il- selection of most efficient machine for _ be carried out parallel with the normal ould, in addition, be speciall 
i each problem). handling of the particular problen in problem break-down for 


). (7) Methods Development aud Re The administrative head or D hine 
search (Studies of particular engineer- partment Engineer (Fig. 3) is 1 
ing problems to develop improved sponsible for all the mathemati 
xt analysis methods through use of ma alysis functions pertaining to tl ; I} h n Fig. 4 is a 
n- 


hine computations). and exploitation of ymat facility 
al- Responsibilities (2) through (5) puting machines. To qualify for th vind two machit the IBM 
he fall nautrally into an autonomous com- responsibilities, such an individual progran 1 calculator and the "MAD 
); puting organization, but there are sev should have engineering training and DIDA S ; provided for rd 
of eral possibilities for the assignment of experience, some background in n orage, auxiliary pment a 


(6) and (7). The responsibility for chine computation, and some t tior f 


problem analysis can be set Ip On a_ visory experience. In iddition to tl of t facrlity 1 
purely mathematical basis by the com- _ basic qualifications, it is desirable that ide. |] 
ng puting organization, while methods re- the administrative head | ex] nect ought should 
n- search and development re left to rence in appl 1 mat} it H 
he the various engineering organizations nd electrical engit IBM MADDIDA | 
where primary responsibility for meth Working under ¢1 1 TT f 


r- ods already exists. Or problem an- head there should be specialists, or 
of alysis can be handled en an engineer- for each of the machines in the com ind/or network lyzer are to 


ing basis by a special section of the puter laboratory. These men, act as__ installed at a later dat 
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Use of Plastic 


Parts Improve 


Vacuum Cleaner 


By using plastic in place of steel for some of the 
parts of their vacuum cleaner, the Lewyt Corporation, 
Brooklyn, N. Y., has improved the quality of their 
product and at the same time solved their material 
shortage problem. It has been made lighter, oper- 
ates more quietly, and is more attractive with the 
parts made under the revised specifications. How- 
ever, the material replacement did not make possible 
a reduction in price. 

The cellulose acetate handle does not readily 
conduct the heat generated in normal motor oper- 
ation to the operator’s hand as the die cast aluminum 
did. The 


through which a design can be seen; the design is 


name plate is now clear polystryene, 


plated on the underside of the name plate by the 
vapor deposit method. The sound dampening qual- 
ities of the cellulose acetate air diffuser reduces noise 
propogation through the top assembly when the 
cleaner is in operation; this material replacement 
made possible the redesign of the diffuser to include 
a better exhaust air flow path and an improved 
appearance without any change in weight. The air 
inlet baffle was changed from an aluminum stamp- 
ing to molded cellulose acetate and resulted in a 
reduction in air inlet noise by 100 percent. Material 
changes in the accessories include replacing the 
rubber brush holder to vinyl plastic to prevent ac- 
The 


carpet tool has been changed from die cast alumi- 


cidental marking of wall and_ baseboards. 
num to cellulose acetate plastic to make it lighter 
and easier to handle. 

O:rher changes in design include substituting a 
bag 
previously used. This “speed sak” has three times 


disposable dust for the cone-shay ed filter 
the effective filtering area as the cone filter had. The 
rubber gasket between the dust bowl and the middle 
sheel has been reduced in size to make a better seal 


and improve the general appearance of the cleaner. 
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REPLACING STEEL PARTS with plastic has 1 ide tl 
vacuum cleaner, lighter, more quiet-operating, and better in 
appearan Electrical condensers on the starting switch pr 
vent cleaner motor from interfering with radio and 


rey epuon 










Plastic 
air battle 







Starnped 
ahuminum 


air battle 


os ene 
DIFFERENCE IN APPEARANCE between the steel dust 
bow! on the left and the reinforced cellulose acetate bow! is 
small, but the steel weighed 2.687 lb aS compared with 1.250 
lb for the plasti The cost of the plasti wl is dou 
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INNEW PROD U< 


eri/ose acetate 
aI 


HOW THE USE OF PLASTIC ha 


Wy) 

- in appearance The handle now 
> name plate is clear polystyren 
‘a : 

sion the underside Dy th vapor { 





Steel 
motor bracket 


Cloth filter --~ 


Lower cloth 
filter support 

















’ revised model shows the mechanical changes that hav new d 

aie a een * all . hess 

50 peen made The on snap d rire niter has been ia imdade ro 
by a di SAD I us if oth fil nas odined i A 
Pr 7 - , ] - 
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PRODUCT DESIGNS Vacuum Cleaner (continued) 


Molded plastic 
defuser 





# Gk. ' 

DISPOSABLE ‘“speed-sak"’ dust bag adaptor DIE CAST ALUMINUM AID DIFFUSER on the left was replaced 
fits snugly over the inlet baffle. The bag has by the molded cellulose acetate diffuser on the right. Both parts weigh 
three times more effective filter area than the the same, but the plastic permits better air flow design. The dampen- 
filter cone it replaced and is more convenient. ing qualities of the plastic have greatly reduced sound transmission. 


Mounting . ey Plast I aie 
rivets 5 and disk 





NING 





A BOTTOM VIEW of the motor, fan and air A STEEL RE{NFORCING STRAP is molced into the cellulose ace- 
diffuser assembly shows the new combination tate handle to give it additional strength and provide a strong receiver 
motor support and cloth filter support. It was for the self-taping screws. The predrilled hole in the strap is used to 
necessary to change the shape of the unit to locate it in the mold. The slight bend at the center of the strap 
permit use of the disposable “speed sak”. holds it square in the mold during the fabricating process 











2 
Viny! brush 
e—— Rubber brush Aolcler 
holder —_ 
Cellulose acetate 
carpet foo/ > 
: ‘ 


* — 
VINYL BRUSH HOLDER does not make black marks on leaning operations, as the rubber holder does. The cellu- 
walis, baseboards, or any place where it may touch during lose plastic carpet tool is much lighter and easier to handle. 
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Mechanically 
Operated Switch 
Sets Crane Brake 


The type HM brake system made by the Wagner 
Electric Corporation incorporates a combination hy- 
draulic service brake and parking brake for use on the 
bridge drives of overhead traveling cranes, whirler 
cranes, and other types of industrial equipment which 
require parking brakes when out of service or while 
performing their principal functions. A recent improve- 
ment in the system involved the elimination of the hy- 
draulic pressure switch located in the control box for a 
limit switch operated by the piston rod of the releasing 
cylinder. Now, changes in fluid pressure, because of 
temperature variation or leakage, will not endanger 
operation or holding power of the parking brake. 


peroke control unit 


(f= Service Releasing 
broke = cylinder— 

actuating / | 

8 cylinder——, / | 


—_—— 


iN : 
= ope j j 


















x 
J 
| | 
k 
j C= j 
/ Hydraulic 
i / i _>//nes 
} &—®roke drum = qT 
L.___ rake shoes 
i 
Electric conduits—— | j 
i 
4 = pA t 
4 } ; 
r VW i Normally 
Green i closed 
light—-— i] push button 
™ bie) a ——Sswilch 
om | ~ 
—{ oS 
Ww 
Moin electric — » SP 


— 


power line- 


— 
Brake contro/ 
cylinger 


TO RELEASE THE PARKING BRAKE first close the 
main line switch. A full application of the control cylinder 
foot-pedal compresses the brake setting-spring. The limit 
switch closes an electric circuit which energizes the magnetic 
check valve and illuminates the signal light. The check 
valve traps the fluid in the releasing cylinder and holds 
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FLUID UNDER PRESSURE is trapped between the check 


valve and the releasing cylinder piston to hold the setting 


materials used on the other parts are corrosion resistant 









Magnetic check valve—, 


<Actuoting 





cylinder f 
service ' 
broke TN 
Piston Pd 
rod— ~ a 


























Setting spring — 

compressed 

porking broke 

releosed— — — \ 
\ 
| 

Piston held Hydroulic tine 1 
down by trapped from control 


cylinder——4 


’ +. 
the parking brake setting-spring compressed. Now, the 


service brake is applied by pressure on the foot-pedal. To 
park the crane, press the pushbutton to open the electri 
ontrol circuit. The check-valve releases the trapped fluic 
and allows the parking brake to set by spring action. The 
brake is applied when the main line switch is opened 
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High-Speed Slitter-Rewinder Uses | 


Equipped with a variable speed hydraulic main drive developed this Triplex Machine for high speed slitting 
and a separate, but positively interlocked, variable speed and rewinding of Lumarith, a transparent plastic film 
hydraulic rewind drive, this machine is the first all- product. Besides being simple, economical, and rugged, 
hydraulic slitter-rewinder ever made. Rewind speeds up the Triplex provides sensitive web tension control and 


to 1,000 ft. per minute are possible with rewound rolls uniformly dense rewound rolls, regardless of thickness 


up to 15 in. in diameter. Razor blade slitting permits variations in the parent roll. Differential rewinding is ' 
strip widths as narrow as } in. and three differential used to minimize the heat generated by friction between 
center-rewind shafts provide for positive roll separation the core and rewind shaft and thus prevent damage to ( 
and trim salvage. the inner laps of the rewound rolls. Several rolls of dif- 


The Cameron Machine Co. of Brooklyn, New York, ferent sizes can be rewound at the same time. 





_- inion shott ratchet 
Rewind shoft assembly. Carriage pinion sho 
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Moin pu!l roll assembly---.. \ 
Rewind drive idler shaft assem _~~ ‘\ \ © E 
Middle rewind drive inter > \ . 3 

shott assembly - ‘ \ 3 =.) Sow FE TS 4 is _ Wdter roll assembly 
Rewind shaft assembly ey © : . 


_---~ Rewind drive hyd pump control assembly 


Cross tie 


Cutter support sholt assembiy 





Rewind shelt my 


Rewind drive hyd motor assembly 
bearing cop 





Pull roll assembly 








‘dler roll assembly 
Tension roll and pivot shaft assembly 


Mill roll bearing 





idler 
sprocket 
shoft ‘ 
essembiy~ ~~ () 
Rewlotch _. 
assembly~"~ f 


Rew shott fe 
os 

mY S(O 
{ Boaaaen 

z Ve ~ @ 
Rewind : 
shot? /J = 
brg cap (2) 8) 















































~-Tension 
roll 
bumper 











! 

i 

' 

i 

l 

' 

' 

' 

' 

1 -- 

' Rotary 
1 geor 
' pump 
t 
' 
i 
i 
1 
i 
i 
i 
! 
! 





Rewind frome FH. ! 4 Lo 
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Bottom rewind shoft~ ~Y L-4. > j---- = 
Se) “e a ee 


Moin cross tie plug" 





























Main drive electric ; 
motor (14 Ap. 1800rpm } j ee Moin cross fe 








Ma:n drive hyd. pump 


DIFFERENTIAL REWINDING uses single rewind shaft are keyed to rewind shafts; cores and spaces are not. Axial SI 


I . 
speed de spite difference in diameter of rewound rolls spring pressure allows transmission Of torque from washers 
uused by thickness variations in parent roll. Material is to cores but permits cores to slip as required by the dif- 
wound on cores separated by spacers and washers. Washers ferences in diameters of the rolls that are being rewound 
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© KEEP construction simple, main cross tie is piloted 
by a plug through both side frames and keeps them 
paratlel within .001 inches. Rolls are within .0005 


Main cross -tie 


hes 





Rewind coritro/ Rewind 
sprocket follower 
rou 


te hee CENF4, 


gecececet 
peer ee cececeeee 


* Rewind ariv 4 
‘ contro! CE 


‘ 





SPEED OF REWINDING shafts is varied inversely with 


eares on outside d 
diameter of rewound rolls to keep slip, and heat generated forward, rotating rewind 
by slipping, from getting excessive as rewound rolls increas pinion. Sprocke 
in size. As roll dia increases, rewind follower roll, which y adjusting t I 
Propur I 
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PRODUCT DESIG 
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Friction spring _/ Friction collar 


~--Lock nut 


MATERIAL IS STRIPPED from mill or parent roll by cut into the desired widths. The horizontal rolls are held 
three pull rolls which are driven by the main drive fluid parallel within 0.0005 inches by rigid mountings. All gears 
motor through a gear train. Rewind shafts, driven by except the three rewind pinions and their mating gears run 


a separate fluid motor, rewinds strips after they have been in oil. Gears for rewind rolls have no positive lubrication 























Mydroulically operated oscillating system 
imparts sidewise movement to peorent rol/ to 
help distribute thick sections jn material. 

Gear driven pump drives fluid gear motor wiich 
octivates a scotch~-yoke mechanism connected 
to back stand. Speed of oscillation /s controlled 
manually with ao needle bypass vaive. 


Flui¢ er, Fluid pump, 





Shut-off va/ve, « 









































: aa =a jeans 
/n Out Out In rade \ 
4} Irake heads / 
/ 
Brake pressure mut 
— £ ; 
in Brake actuating tinkage 
Needle Out : 
volve Reliet Brake adjustment 
volve r 
Tank [ Mill row side ® 
1 . ’ manual cortrad : 
' ' 5 
j Hydraulic oscillating 7 
drive controls bind a” 5 
HYDRAL Lic ALLY oy rat 1 os llating system 


PRELOADED DOUBLE ROW ball beari on pull roll are mounted in meter changeable cartridges made of similar 


(left) eliminates end play of shaft. Rewind shafts (right) bearings, and provided with side plates to prevent end play. 
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ilar Using shims with cartridges makes rewind shafts 
lay. changeable. The exposed rewind pinions are keyed to their vs. ( 
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PRODUCT DESIGNS 





An axial flow vane type blower, 





























tapered air duct and guide plates at- 
tached to finned cylinders insure sat- 
isfactory air distribution to the cyl- 
inders of the Deutz in line air cooled 
dicsel engine. This air cooling system 
together with a built in oil cooler 
maintains normal engine operating 
temperatures. The advantages gained 
in an engine using such an air induc- 
tion cooling system over a watered 
cooled engine of similar size and ca- 
pacity are reduced weight, greater 
simplicity and reliability and better 
thermal efficiency. The radiator, water 
jacket, circulating pump, rubber con- 
nections and thermostats used on a 
liquid engine are not necessary. There 
are no coolent evaporation or freez- 
ing problems and operating tempera- 
tures of 200 C can be safely main- 
tained. 

The cylinder heads are provided 
with a pear shaped turbulence cham- 
ber which helps in accomplishing a 
through mixture of the compressed 


air and fuel. The chambers are lo- shaft 


metric efficiency. These engines are A 

manufactured at Kloeckner-Humbolt ill ty 
° +} rs 

Deutz A.G., Cologne, Rhine. na 


4 -O1/ cooler Finned cylinders 


6,000 to 8,000 rpm \ 


ON THE A6L514 MODEL I 


Belt tension is mat 
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PEAR-SHAPED SWIRL CHAMBER comprises about 60 percent 
of the total compression space of the cylinder. It is made of cast 
| iron and is cast into the aluminum head. The main portion of fuel 
spray is directed towards the throat with only a small portion 
striking the walls. The heater plug below the injector is used 
for starting the engine in temperatures below freezing. The cham 
ber injection and heater plugs are situated at the edge of the cylinder 
to accommodate large valves and to be cooled directly by the blower 
5 MACHINED CIRCULAR FINS of the removable cylinder | | 
extend over the full length of the piston stroke. It is tightly fitt 1 
into the die cast aluminum alloy cylinder head to keep cylinder 
head and cylinder together as a unit during service assembly and dis 
of assembly and prevent damage to the head gasket. The flat domed 
vith aluminum-silicon piston is provided with three compression rings and 
and two oil rings. To facilitate molding and casting, the valve gear box 
ring iS a Separate cast iron part bolted to the cylinder head. A stamped 
a sheet metal cover protects rocker gear. All valve guides are cast iro: 
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PRODUCT DESIGNS 


Midget 
Exposure Meter 


The “Mascot” direct reading exposure 
meter, developed by the Meter and Instru- 
ment Department of the General Electric 
Company, is a simplified, small size meter 
designed specifically for amateur photog- 
raphers, color slide photographers and home 
movie makers. Compactness and simplicity 
were obtained by making the meter respon- 
sive only to reflected light, by eliminating 
complicated conversion scales, by using a 
small germanium photocell and a unique in- 
side and out magnet construction. 

There is a direct reading scale marked in 
f-numbers so the pointer instantly shows the 
correct setting for a camera shutter speed of 
1/25 of a second. Four rotating scales inside 
the case are marked for a popular type of 
film (5, 10, 16, 50 ASA). These four scales 
cover the requirements for most photog- 
raphers. A calculator is provided with the 
Mascot that can be used to convert direct 
reading to lens openings where the meter 
does not satisfy the photographic conditions 
encountered or camera shutter speed used. 












Scale alisk set 
for film ASA 
rating of 10 
























































THE MASCOT, left, is 1 11/16 long, 2 3 wide, 15/16 thick and 
weighs 24 ounces while the more versatile professional meter, right, 
is much larger and complex. The single adjustment knob is mounted 
through the cotton-flock-filled phenol case and attached to the scale 
disk. On the disk are printed four scales graduated in camera lens F 
numbers and corresponding ASA film speed ratings. When the 
desired scale is turned into position, the disk is locked in place by a 
snap type ball detent lock. If the voltaic light cell mounted in the top 
of the case is pointed towards the scene to be photographed, the 
pointer will swing to the camera lens F number for the exposed film 





Worm Drive Used 
On Blade Sharpener 


This operated blade 
sharpener, for honing and stroping double 
edged razor blades, uses a twin gear worm 


electrically razor 


drive to transmit power from its electric 
motor to the four shafts on which the honing 
and stroping wheels are mounted. When the 
blade transporter is pulled from closed posi- 
tion, the points of the electric switch make 
contact and the motor and grinding wheels 
start turning. It is being made by the Dremel 
Manufacturing Company, Racine, Wis. 





wide, 3} in. 


PLASTIC CASE is 23 in high, 3} in. long. Upper 
shafts are spring loaded to insure contact between the wheels and 
the razor blade during the sharpening and stropping process. 
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MASCOT POINTER deflection 
meter assembly with that of the PR 1. The Sintered Alnico 
V magnet of the Mascot meter at upper left, is mounted 
inside the deflection coil. T 
the deflection coil o 


iter ring mounted around 
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ONLY THE TWO TOP GEARS MESH with the worm 
gear. The worm gear is mounted on the shaft of a 110-120 
v a-c d-c motor. The blade being sharpened rides on the 
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Table I—Property Range of Cured Viay! Plastisols 





Tensile Strength psi....... 





Elongation—%............. ; ete er SR: sts’ .....150 Sy 
Shore A Hardness.................. ; BS lp TE SPS 30 & 


Dielectric Strength (volts/mil)..................4.5. BES oe 200- sy 
Volume Resistivity (OHMS/CM)..............24.-000 eee nee 25-6.0 1p 


(8) Chemical Resistance. ................-0005 Good in acids, bases, ale: hoj 
Poor in ketone and ester sol) ent 








Fig. 1—Small valve (A) used in the assemb!, ¢ oF 
a special soil testing apparatus. Ports enter th 

valve in various directions, providing connection - 
between vacuum pumps and filtering chamien 2 


This unit is comprised of a one-piece casting 
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finished components for various machines 


ESIN PLASTISOLS have recently been used to produ 
and products 
of thes 


The major advantage materials over rubber and 


other plastics is the simpli ity with which they can be 
Unlike ‘the relatively 
ritical curing schedules of natural or synthetic 


mf onents 


onverted into finished products 
rubber 
a simple heat yelation 1S all that is required 

The vinyl plastisols consist of finely divided polyvinyl 

ins dispersed in a phase of liquid plasticizer and stabi 
lizer There are no 
{ The pl 
coating 


volatile constituents present in these 
istisol can be poured into a mold or 
y dipping. When adequate heat is 


gelation will take place as the vinyl plastic is 


| ersions 


ipplied as a 


rr | 
a} pil 1 
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ibilized by the plasticizer 
The cured product or 


coating ranges from a soft, rubber 
like consistency to a firm Some of the properties, 

able I, which make vinyl plastisols useful for many en 
gineering applications are: 

(1) Good dielectric qualities. These properties are more 
permanent than those encountered with natural rubber 
goods, which tend to deteriorate with age 

(2) Resistance to oils and 
are resistant to acids and 


texture 


hemicals 


Vinyl plastisols 


most alkalies, including strong 


oxidizing acids such as chromic acid used in chromium 
plating In general, good resistance is offered to oils and 
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Table I—Property Range of Cured Vinyl Plastisols 





Tensile Strength psi... .... ..1500 
Elongation—%............. .. 150 
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vinyl plastisol. ‘The bellows-shaped casting 
and the star-shaped machine drive component 
are prepared from vinyl plastisols. 


—_— 


Fig. 1—Small valve (A) used in the assembl\ ,/ 
a special soil testing apparatus. Ports enter th 
valve in various directions, providing connect on 
between vacuum pumps and filtering chamber; 
This unit is comprised of a one-piece casting of 
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Table Il—Vinyl Resins Used in Plastisol and Organosol 


Formulations 





Resin Trade Designation Typical Source 





Polyvinyl Chloride 


“Geon” 100 Series 
“Marvinol” VR-I0 
“Pliovice” A 


B. F. Goodrich Chem. Co. 
Naugatuck Chem. Co. 


Goodyear Tire and Rubber Co 





Copolymer polyvinyl 


chloride-acetate Vinylite VYNV Bakelite Corp. 





Copolymer polyvinyl 


chloride-vinylidene 


chloride “Geon” 200 Series | B. F. Goodrich Chem. Co, 











(4) Permanence of properties. The vinyl plastisols re 





tain their physi il and electrical properties over long perio 1s 

(5) Good colorability. The colors obtainable with the 
plastisols are durable and may be processed 1y shad 

(6) Good shock absorbing ilities 

The load-deformation characteristics of several typical 
grad of vinyl plastisols are brought out in Fig. 5. Their 
chavior differs widely at the two temperatures selected 
for test purposes. The degree of property variation will 
depend upon the amount and nature of plasticizer content 
A fa requently overlooked is the magnitude of creep 
that wiil take place under sustained loads. Short-time 


creep results under a constant stress of 300 psi indicate 
the ompounds possessing the greatest elastic de- 
In general, for a 
given formulation, those compounds prepared with larger 
plasticizer will creep at a faster rate. Usually 
the recovery from deformation is not as rapid as for com 


petitive rubber « ompounds 


that 
formation also cre¢ p to a greater extent 


amounts OI 


Casting of Liquid Plastisols 


The properties of vinyl plastisols as uncure 1 liquids or 
as gelled solids are largely a function of resin plasti z 
ratio as shown in Figs. 2 and 3. The viscosity varies 
from about 50¢ oises to stiff on-mopil istes The 
plastisol ir¢ isually stabl ove! lo { pe rds of time il 
though he iting Wii p odu ome y latior In | {’ t 
the viscosity characteristics ar shown o\ 1 nve of ten 
1} 1} ing may efte light re | 1on 
( i o the greater fluidity of th plasti izer 
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Increase of Plastisol 
FIG 4 Viscosity on Heating 


However, this is followed by an increase until gelation o 
curs. Since gelation is a function of time and temperature, it 
may be produced at lower temperatures with slower rates of 
heating 

The casting of liquid vinyl plastisols is a simple proced 
ure. The material is poured into molds. Entrapped air 
bubbles are allowed to rise to the surface before the parts 
are subjected to an elevated temperature. For complicated 
omponents with convolutions and undercuts, the filled 
molds should be exposed to vacuum before heating. Paste- 
like formulations are best handled in completely enclosed 
molds. Positive pressure can be applied to insure complete 
distribution of the plastisol and to effect complete removal 
of air bubbles. 

Gelation temperatures of 340 to 350 F are recommended 
for most plastisols 
gelled at temperatures as low as 210 F. 

The time to achieve satisfactory gelation will depend 
upon the thermal diffusion within the vinyl plastisol and 
the rapidity with which the mold attains the gelation tem 
perature. If gypsum are used, th 
gelling process may require several hours. Metal molds will 
produce a taster cure approximately 5S to 10 minutes tor 
each } inch of thickness. Gelling will proceed from the 
mold walls to the center of the casting 

Cured be taken the mold hot 
but if ts are present, the plastisol will tear 
suth 
parts with put damage 

Some grades of low temperature curing plastisols car 


short-lived molds 


yarts may from while 


] 


severe undercu 


It is best to allow ient cooling to permit removal of 
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Table I11l—Representative Plasticizers for Vinyl 
Formulations 





Chemical Composition 


PHOSPHATED ESTERS 
Tricresyl Phosph ite 
) Triphenyl Phosphate 


{Trioctyl Phosphate 
Octyl diphenyl phocphate 


PHTHALATED ESTERS 


{Dioctyl Phthalate 
Di-2-ethyl hexyl phthalate / 


Butyl Benzyl Phthalate 
Di-capryl phthalate 
Di-butoxyethyl phthalate 


ADIPATE, SEBACATE, AND 
AZELATE ESTERS 
Dioctyl Sebacate 
Dioctyl Adipate 
Dihexyl Sebacate 
| Dihexyl Azelate 
Dicapryl Adipate 


RESINOUS COMPOUNDS 
| thy lene glycol alkyd 


} ! 
resins 


Diallyl phthalate 

polyesters 
Acrylonitrile-butadiene 
| copolymers 


MISCELLANEOI 
Oleated and Ricinoleated 
Esters 


Chlorinated Paraffins 


Petroleum Derivatives 





Properties Developed 


Imparts non-flammable qualities, 
though has poor low temperature 
characteristics 

Improved flexibility at low 
temperatures 


Most widely used general purpos« 
primary plasticizer for vinyls. Used 
in conjunction with other plasti 
cizers 

General purpose primary 
plasticizers 

Fair low temperature properties 


Excellent low temperature flexibility 
Brittle point less than —70° F 
Higherin cost than other plasticizers 


Low volatility, permanence, low 
extractability (not fluid enough 
for plastisol formulations 


Secondary plasticizers, low 
temperature flexibility, only 

fair chemical resistance 

Low cost secondary plasticizer to 
enhance flameproof qualities 
Numerous aromatic compounds 
aiding plasticization of the vinyl 





Table IV 


Typical Stabilizers for Vinyl Resin 


Compounds 





Chemical Composition 


ALKALI METAL SALTS 


Sodium alkyl phosphates 


ALKALINE EARTH METAI 
SALTS 


Barium Ricinoleat 


HEAVY METAL SALT 
Basic Lead (¢ arb nat 


Dibasic lead phosp! 
Dibasi le ad phthal ate 
Lead Stearate 

Cadmium Ricinoleat: 
Cadmium 2-ethyl hexoate/ 
Organic tin stabilizer 


SPECIAL ( ‘OMPOUNDS 


Epoxy resins 





Pre yperties Devel ype | 


Decided gain in light stability 
Limited heat stability 


Heat stability for 
opaque formulations 


transparent and 
Used in con 
inction with cadmi m stabilize rs 
| iT he it 


ipplications 


stabilizer for non-toxic 

Offers lubricating 
alities 

300d light stability—used in con 


} 


n with other stabilizers 


(500d electrical and heat stabiliza 
(Jood sunlight and heat stability 


Heat stabilizers and lubricants 
Heat stabilizers in clear compounds 
Prevent color formation 

Excellent for producing clear films 
with heat and light stability. Non- 


toxic 


Useful with formulations involving 
chlorinated plasticizers 
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thickness will depend upon the viscosity of the plastisol 
and on the heat capacity of the part being coated. 

Parts such as tool handles, wire racks, and various sub- 
assemblies can be handled on a semi-automatic basis. The 
pieces can be passed through an oven on a conveyor to 
attain the proper temperature and after immersion in the 
plastisol, again sme through the oven to complete the 
cure 

Industrial parts being coated with vinyl plastisol include 
electroplating racks, which require masking of exposed 
metal surfaces from the electrolyte, and electrical socket 
assemblies, In the latter application, the adherent coating 
provides a better seal than the boots, gaskets, and grom- 
mets previously used. Complete resistance to the pene- 
tration of moisture and dust through the socket into the 
lamp is obtained. 

2. Potted Assemblies. The absence of volatiles makes 
vinyl plastisols useful as potting compounds. With the addi 
tion of inert fillers to aid heat conductivity, assemblies of 
electronic components can be completely immersed until 
all air bubbles are excluded. On gelation, complete integra- 
tion of all components is achieved with a significant im 
provement in overall dielectric properties. 

3. Flexible mechanical components. Vinyl plastisols have 
potentialities as flexible mechanical components where 
chemical resistance, colorability, fabrication and 
greater permanence are more desirable attributes than the 
superior physical properties of molded rubber parts. Viny] 
diaphragms, bellows, grommets, and gaskets may give 
better serviceability than natural or synthetic rubber com 
ponents when exposed to oils and greases. Evaluation of the 
application can be made only after consideration of the 
chemicals to be resisted and the operating temperatures 

Reinforcing lamina, such as woven glass cloth or glass 
matter, can be inserted in a plastisol during fabrication 
This feature has been used in the manufacture of a high 
quality gasket material. The reinforcing strips become a 
permanent part of the vinyl plastisol assembly during the 


gelation process 


ease of 


The procedure may b 


laminated goods. Parts such as binocular cases, required to 
be tough and flexible, have been prepared from vinyl films 
and reinforcing fabrics. These assemblies could be more 
economically handled by replacing the vinyl film with a 
wet-lay-up of vinyl plastisol Parts could be molded to 
shape under pressure. 

Flexible, expandable bags such as those used in the 
“Greer” type of hydraulic-pneumatic accumulator, would 
have better oil resistance if fabricated from vinyl plastisol. 
Also, the growing interest in rubber-lined and rubber 
sealed valves for handling corrosive chemicals may well 
introduce new fields of application for the vinyl plastisols 

i. Electrical Assemblies. The good electrical properties 
of plasticized polyvinyl chloride compositions have moti 
vated their use in wire and cable construction. The same 
properties can be obtained with polyvinyl plastisols. While 
low heat distortion temperature and high creep rates are 
| to many electrical requirements, the required 


e carried further in the molding of 


detriments 
flexibility and toughness may dictate the use of the material 
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STEPS IN DESIGNING ENGINEERED PREPRODUCTION MODELS 





5. Checking. ho 
6. Discussion with the responsible person inside the 
development organization concerning the state of the 


7. Detail drawings are given to the shop on preliminary 
unapproved prints. 

8. Designer follows construction closely in the shop, 
annoting on the shop prints any drawing errors or 
suggested improvements as they arise, signs or 
initials the notations, and indicates the date. No 

are permitted without the designer's 
signature on the shop prints during this phase of 


the 
9. When the first model has been assembled and modi- 
the satisfaction of the designer, electrical and 


10. Performance, shock, shake, humidity, temperature, 
altitude, and other tests deemed necessary are con- 


Engineering Department 


Procedure in Design of 


Preproduction Models 


FREDRIK R. BARNES 


Mechanical Engineer, Stanford Research Institute 


BROADLY SPEAKING, the function of the engineer-drafts 
man-checker team is the preparation of an Index of 
Drawings; Bill of Material; assembly, subassembly, and 
detail drawings; and instruction sheets. In preparing such 
material this team strives to answer, reliant: 7 and clearly 
without the need of further directions from the engineering 
department, the question: “What do the production and 
procurement departments need to know, to enable them to 
present to the sales department one or many economically 
producec models that fulfill all conditions for which the 
unit was designed ? 

In a small company, the designer is often the chief 
engineer. In a large company producing several types of 
designs, the designer may be called project engineer, or 
design or layout draftsman. Whatever the size of the 
Organization, he must organize his work so that the develop 
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project engineer who will have full design responsibili y 
for the project. (2) The contractor may be given a well- 
defined set of design specifications to adhere to within 
certain prescribed limits; the specifications are handed to 
the designer and he is responsible for the consummation of 
the project. (3) The nature of the proyect may be such 
that continuing discussions between the client and designer 
will be required as the design progresses 

In all instances, it is necessary for the designer at the 
outset to obtain as much information as possible concerning 
the requirements of the projected design. Copious note 
taking at this stage is recommended. The designer must 
ask himself: “Do these people know what they really 
‘and then proceed tactfully to find out 
He must also ask many other questions: Size? Weight ? 
Cost? Time available? Expected life? Operat 


want 


(juantity ¢ 


ing conditions? Type of operating personnel ? Additional 
factors that he should take into consideration are associated 
with tax laws, patent laws, accounting procedures, probabk 
final production quantities, selection of materials, and pref 
erences of the client, particularly where cost, quality, and 
performan ¢ 


Several 


are concerned 

may ana them will 
probably be accepted or rejected on the spot. Probably 
many skeletal ‘‘talking’’ sketches will be made. These, with 
the notes, should be carefully preserved. At all times 
during this and ensuing discussions, the designer must 


sugestions arise some of 


guide himself by a sincere desire to ascertain as exactly 
as possible the purpose of the design 

When the preliminary discussion is ended, the designer 
is ready to commence work. At this juncture, having 
accumulated some notes and sketches, it is well to provide 
a means of preserving them. A standard three-ring stiff 
notebook cover serves the purpose very well. Stitf titled 
cardboard separators for the various divisions of the note 


book 


hould be provided as required 


rhe notebook is the rallying point for the design. As 
the designer commences his preliminary thinking, he will 
probably make numerous free-hand sketches; ask the pur- 
chasing agent to request quotations; consult catalogues; and 


make dated discussion notes as the picture of the design 


begins to unfold itself. These sketches, notes, requisitions, 
and records of discussions should be filed in their proper 
places in the notebook. 

Page one in the notebook should be a ‘Reminder Sheet.” 
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The next major subdiv sion of the notebook ould 
itled ““Sketches.”” In addition t ving as tl 0 
for preliminary hayout d 1y SK hes, and < 
st parts fabricated in the model shop, this i 
ould include small final layout sketches ar f 
ketches awaiting detailing ; 
All these pre nary shop sketches, prints ¢] fw 









ig. }—Data Sheets are the designer's rec- 
d of design requirements, discussions, 
ope and investigations of materials. 


Fig. 4—Designer’s “talking” sketch supplemented with 
discussion enables draftsman to work out details. 
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. increase to 3 
Fig. 6—Drawing list made up oe 0.125 Oo 
f rough drafts of the Index ae / ¥ 
of Drawings. Numbers are E= {=| | | : 
astigned in sequence as the ee — ee U 
titles are set down in the Li 1] -% (—| 2 
Index in numerical order My t It had \ ° 
under the respective sub- HH — He Y 
assembly headings. With this 4 CH ee Pam 
uotios, Seen eee oe rit | a, 2 —$$—— 
all drawings are available Add f {h 
fore detailing commences. =| ‘} | bevel os cI] 
ia ake 
) At 
W Co WJ 
leliver checking prints, drawings, and sketches to the tions will arise that will require checking “ahead.” Also 


e unapproved at this stage. 
efinite procedure for identify- 
, prints of unapproved drawings, either by the color of 
the print or by a suitable stamp or notation, any prints made 
it this stage must conform to such practice. The checker 
in mark on the prints or original sketches his corrections, 
t f eletions in red pencil when checking 
igainst the designer's sketches and the standard’s manual. 
If the job is relatively small and simple, checking prints 
iy be dispensed with and only the original drawings and 
ketches delivered to the checker, who annotes the few 
hanges and corrections on he sketches, which he clips 
to the original drawings as checking is completed. 
Checking is mainly a matter of asking one’s self ques- 
tions and looking to the drawings for the presence and 
orrectness Of an answer. A preliminary check should 
be given the details as they come off the board. Secondly, 
ull drawings should be given a comprehensive check in 
uccordance with the following principles. 
1. Orderliness is important. The assembly should first 
hecked for general design simplicity, substitution of 


‘ ' ‘yr i 
checker. These drawings will 
} 


Since most companies h ive a 


heaper or standard parts, and ease of assembly. Next, all 
assembly and subassembly drawings should be given a quick 
inspection for general layout, drafting excellence, and 


A i ther or not there are imme liate ly detectable omissions 
Choose the governing features and dimensions of the 
lesign and work outward. Keep the reminder sheet ai 
hand for annoting ideas not directly concerned with draw- 
ng checking, such as omissions from the parts lists, tooth 
} | 

i 


base | tr 1; leoting na ev ter 
rorms, €l¢ ricai lif 1iation and materia 
As the checker gets deeper into the pile of 


S 


yrints, ques- 


I 


160 


questions will arise that will call for a reexamination of 
the “checked” stack. But the process should be kept order] 
without sacrificing thoroughness 

3. Materials should be checked for electrical chara 
teristics, wear characteristics, corrosion resistance, fungus 
resistance, thermal distortion, and other properties depend 
ing on the appl 

4. Finally, the assembly should be checked for the clarity 
of views, and the 
assembly, individual fabricated 
bolt and screw 


lication of the design 
simplicity of identification of each sul 
| . et of } 1 part. nut 


irchaseda rl, 


part, | pz 
The assembly instructions should be checked for clear 
ness, and coverage of such subjects as lubrication and 
special masking or finishing. The assembly check will prob 
ably uncover some necessary detail modifications 
If the design is a contractural development, the draw 
ings, Index of Drawings, and Bill of Material should be 


| 


al 
thoroughly checked for complianc« with the client's spect 
fications. 
All drawings, the Index of Drawings, Bill of Material, 
and instruction sheets should be checked for completeness 
and correctness of title-box information 


Checking should be completed by checking the integrity 
of the main assembly drawing. The assembly should be 
scrutinized from as fresh a view point as possible, inasmuch 


as the assembly drawing is the gateway to the determination 
of answers to many questions that arise after the drawings 


' ' 
have been initially delivered to the drafting room file 
These answers 1 ot hI , ] } y f t 
se answers may possi iy entall some ny on parts 
’ ? | | 
that have already been checked 
After checking, the drawings should be returned to the 
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the model shop and the drawings are filed in the designer's and Bill of M 
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file (separate from the print room file). The reason f 


] | 
ich filing is that up to the time of approval of compl So 
lrawings, completion of the first model, or completion of sugs ! 


Index of Drawings and Bill of Material, any drawing 
ve . . ; 
hanges can be made under the authority of the designer 
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either on the drawings or in the drafting roo 
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Basic Design for Small Part st 


Recommended practice for the design of simple stampings, including design for 





RELIEF NOTCHES FOR RIGHT ANGLE BENDS 


Fig. 1—If the outside of the bend is parallel with the 
profile of the blank, regardless of the radius, a certain 
amount of fracturing or tearing of the material will be 
introduced, A, This tearing will be increased or decreased, 
depending upon the amount of radius on the outside of 
the finished part. A method 
correct fracturing or tearing, is to introduce notches for 
relief, such as shown at B. These relief notches can be 
produced in the profile of the flat blank, and should at 
all times be twice the thickness of stock in width, and 


formed common used to 














} 
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Ww 





twice the thickness of stock in depth, when design pers 


[his latter 
and more 


Fig. 2 
operation dies 


that will produce in one 
being produced by two or more are advisable from q 
The design at (A) should | 
avoided when small lot stampings or pilot runs are be 
The 


three ears loose, but also has to form and set the ear 


ty production standpoint 


considered. 


blank design 


rigidity 


lancing tool 


gkives 


operation 


a more 


in the bent section 


what 


not only 


Is 


satisfactory | 


While compound dies or multiple purpose 
are advisable for mass production, t 
ordinar 


has to lance 


The forming tools used for (B) merely form and set 


three ears in their desired position on the finished blank 


PIERCED HOLES RELATIVE TO RIGHT ANGLE BENDS 


FIG. 4 0 





(A) (B) 
- 
Bend 
Bend) line 
line 
. v 
Fig. 4—Right angle bends, relative to a given hole location, 


are rather difficult to maintain to any high degree of accuracy, 
which may change the 
position or relative location of such hole. These conditions 


as there are two basic conditions 
are stock thickness variation and temper variation of stock. 
Often a hole must be made as close as possible to a right 
angle bend, A. 


made after the bend, otherwise a distorted hole, will occur 


In this case a normal pierced hole must be 


The same blanked and pierced part is shown at B redesigned 
with the addition of the crescent slot. This design allows 


There is 


flat material left around the desired pierced hole so that 


the part to be die-cut, blanked and pierced enough 


no distortion of material thickness affects the finished hole 








Bend 


om 





in the bending operation. 


should not 


specification. 


tion 


a right angle bend, is at C. 


exc eed 


y a 

















(A) 
© l 
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Al} oO | 
Y ' i 
; dia « #> 


the material 


plus the inside radius of the right bend 


Fig » 


line with the bent 


Prop CI 


section of 


the 


finished part. 
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FIG 


Stock left adjacent to the hol 
thickness of stamping 
Although this design is not always possibl 
it should be considered from the standpoint of mass prod 

The desirable location of placing the hole adjacent 
The edge of the hole should 1 

be closer than one and one-half times the thickness of stock 


Shows a piece part with the edge of a large hole 
This be 


would distort the hole considerably, particularly if the st 
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forming and bending, relief notches for right angle bends, tolerances on mating 
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FIG. 4 
peri | O O A 
ory | 
| A) 
se | 
m, t O O 
rdinar 
m qua The six necks or recesses adjacent to the ears should be in 
hould | width at least twice the thickness of the stock, and should 
ire be be somewhat deeper than where the bend takes place on the 
aes finished formed part. The radius at which the ears meet the 
the ear major blank can be increased or decreased without affecting 
1 set any additional tool cost, and the ears may be laid at almost 
d blani iny angle assuring a free position of the finished part 
rial 
Oss 
FIG 
q 
| ~ 
i 
J 
promt), 
" 
. r2 eo 
he b si ickness was more than 0.015 in., and would make an 
nit x undesirable hole in the finished formed stamping. The piece 
prod part is redes gned at B, keeping the edge of the large hole 
eee in the required position to the right angle bend. This was 
we accomplished by the redesigning of the blank and the pierced 
per flat stamping. If this redesign is not always possible, and if 
7 design shown in A has to be maintained at no time 
should the edge of the pierced hole in a given part be 
closer to the bend than one and one-half times the stock 
: thickness plus the inside radius of the bent section, if the 
hole I is to be pierced before forming. In design A, a normal 
is ben ced hole must be made after the bend, otherwise a 
he stoch distorted hole will result. 
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Fig. 3-—Typical lanced piece 1. The correct free 
of the ear would be hard to maintain on a hich degree f 
accuracy; also, the radius at the bottom could not be he 


too constant. The best designs for pilot runs of such blanked 





pierced and formed parts are shown at B and ¢ It st 
be noted that this ear can be formed at any angle with a 
desired radius at the bottom without diff ilt 
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Fig. 6—The original design, A, shows the part as si 
while B shows the converted design used for a gear trai 
plate. In this particular case it was necessary to fasten tw 


In bending or forming the ears 


stock 


plates to a common base X 


Y, a slight 


thickness or m 


Variation in uterial temper 
will increase or decrease the dimensions C and 1D, causing 
the bearing holes to be out of line in the final assembl\ 
Using design B, the ears Y, were formed in such a manner 
that there was a slight clearance left at F on both ears 
When it was required to line up two such plates, this wa 
accomplished by letting the added section G of the sta pi 


base X Im the lesigen oft 


stamping was notched at H 


come to rest on the 


ontinnued on 




















Basic Design for Small Part Stam pings (continued ) 





TOLERANCES ON MATING PARTS 


Fig. 7—If extruded dowels are used in the mating together of 
two parts, it ss usually done to hold a definite relation between 
a point on one part and a given point on the mating part. It was 
maintained 


essential in this case that the dimension “X” be 

While the two dowels were extruded 
in part A, the location of the dowel C 
and the hole in part B were the deter- 
mining factors of holding the relation 
“X". The second dowel D was placed 
as far away as possible from the dowel C, 
and merely held the alignment of part B. 
The compensating hole for dowel D was 
an elongated hole. All that was neces- 
sary was to maintain the correct diameter 
of both dowels, the correct diameter of 
the hole C, and the correct width of the 
elongated hole. This made it possible 
to replace part B whenever necessary. 



























PIECE PART REDESIGN 


Fig. 9—In producing a limited number of 
blanked, pierced and formed parts at a mini- 
mum tool cost, redesign of the part is often 
considered first. 

Part A is a hinged key with a conventional 
type curled hinge construction, and unimportant 
overall detail. The hinge section required two 
or more operations. Part B gave more economi- 
cal tooling, and was about half that of part A. 
The only change was to move the hinge pin 
hole as far as possible from the bent section at 
A, producing the part in two operations. (A) 


Fig. 10—A simple clevis will demonstrate to 
the designer or engineer a variety of possible 
designs for a new piece of equipment. It also 















8 
il I 
ca’ 
mn 
se 
or 
nc 
el} 
ible 
th 
ha 
be 
en | 
pai 
sible 
he f 
1 the 
holes s 
—_—- 
Bives a 
Bmpic 
Par 
FIG. 9 pd but 
> u ani 
: Pilled-o 
" Besign 
~~ @rilling 
ND Part ( 
“SD Welded 
Simple i 
Be hole 
| B one-p 
\ ions, a 
(P = Ment of 
: - ‘ @s tar a: 
| eels Bre conc 
(| Blank, z 
= ad se al: 
— 








EXTRUDED HOLES FOR TAPPING 
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cP 
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(A) C} Tapped, 
OC I 4 threads 

Topped, 

2 threads . 

—_ 8) 





FORMING AND BENDING SHEET STOCK A 


Spr: J, 


Fig. 12—The overall tolerance of stock thickness should b 
considered if any high degree of accuracy is wanted in th 





Fig. 11—In the piercing and tapping of sheet metal stock, 
the possibility of an extrusion at the point of tapping 
should be considered. The maximum height H of the 
extrusion should not exceed 1/5 of the body size of the 
tap. In A, with an 8-32 thread, only two threads could 
be produced. In B, 3} to 4 threads would be possible. 
If possible, instead of using an 8-32, a 10-32 could be 
used, thus increasing the hole size, and height H. 





bending or forming of sheet metal. The two types of ste« 
used in bending operations are: strip steel, and sheet stec! 
Should the sheet metal vary 0.001 in thickness, dimensiot 
4 would have an overall variation in the stock thickness 
plus a small accumulated error in the bending operati: 
itsel.. On the other hand, if dimension B is taken from tl 
outside of the offset bend, the variation would be twice that 
of A, plus the tolerances required in the forming or bendin; 
operation. Cold rolled strip steel has about a 50 perce 

closer thickness tolerance than cold rolled sheet  ste« 





164 


Pro 


: 


Propuct ENGINEERING January, 1952 

















=~ S 
=_ 
—., _ 


EINFORCING RIBS ON STAMPINGS 


g—Usually in a right angle bent sheet 
il part, the bend offers a weak point. In 
case. one or more stiffening ribs, such as 
» AA put at the right angle bend, in 
se the rigidity of the overall part about 
or 200 percent. Such ribs can be 
hickaess of the stock material ‘n their over- 
height, and the inside radius of the rib, if 
ible, should be equal to the stock thickness. 
the hole shown is not a lightening hole, 
has a definite purpose, a rib, section BB, 
be formed around the hole 
cS i:ween the hole circumference and the edge of 


twice 


midway be 


nantes the part. By keeping the ribbing as far as 
possible from the pierced hole, less distortion 
of the fineshed part is assured. The reason being 
that the contour of the blank is made first, the 


if 


holes second, and the ribbing last 


Bives a practical and economical viewpoint to 
Rm le, sm all parts. 
Part A -s a casting which does a satisfactory 
job but adds considerably to the weight of the 
Bit, and ss high in price. Part B is a piece of 
Pilled-out bar stock welded to a stamping. The 
@esign is better; however, the welding, and 
a ee of holes after welding, adds to the price. 
—} art C shows two symmetrical stampings spot 


Welded together, resulting in good design. A 


—H Simple inexpensive jig will assure alignment of 
cC.. @e holes during spot welding. Part D shows 


) C B one-piece stamping involving simple opera- 
Hons, and assures uniformity as to the align- 


@ent of heles. Part E is prabably the ultimate 





--—~ @s far as sumplicity of design and practicability 
@re concermed. All holes are pierced in the flat 
Blank, and a simple U-form will assure very 
@ose alignment of holes. 


TOCK APPLICATIONS 


Pit FIG 14 
we P " 
= QR, 


‘ ~~ 
~ SoC 
\ — 
y be 
(A) i Ww A 
yuld he al y F (6 4 yA 
in the 
pf stec : a2 : 
e steel Fig. 13—In transmitting a rotary action to 
neneios a reciprocating action on a given lever, one 
aiamans flat on the shouldered bushing B is sufhi- 
eating cient. Two flats on a shouldered bushing 
an ie can be milled in one operation, permitting 
sn das twice the holding power when the parts are 
anil put together. The pierced hole in a blank 
perce with two flatted holes costs no more, and in 
pone a long run is more satisfactory. 
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Part A 


stock con 
long with broached keyway, 


shows a traditional casting and bar 


Fig. 14 
struction of a machine foot lever 10 in 
and weighing 6 lb 
saving of about 67 


Part B shows a stamped construction with a 
percent. It is just as strong and weighs less 
The broaching of the keyway hub, which is 
made up of three identical stampings, has the integral key stamped 
in them. The arm, which is made of 10 gage steel, can be brake 
formed and welded into position as shown The overall weight is 


is approximately 2.2 pounds 


is eliminated as the 


FIG 14 
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Fig. 1—(A) Origina! design of gear train for optical instrument—<B) Revised 
design in which manufacturing advantages and improved performance are obtained. 


Optimum Selection 
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DAVISON 


prot to overlook the practi al con 
siderations affecting the overall fun 
tion of the gearing. It is also apparent, 
in reviewing many gear 


that cost considerations have not 


train a co 
ain designs, 
} 


too closely scrutinized 


happens that a critical study of a gear 
rain by those qualified to do so, gen 


} 


erally results im improved accuracy 


and reéedu 1 costs sumplification in 
ly co iplishes these two oOo 
V¢ 

4 ew of! i typ il pear train 
ror a opt il instrumer before anc 
f mission to ex st ly will 
iemonstrate One way in which design 
1 be improved. Exactly what the 
trument does is immaterial to this 

| on. A hown in Fi 1, the 
two input sources A and B 

} vO ¢ tp ou sC and D O; 
elements ar rotated y shatts ¢ 

1 D at a desired rate ough sev 

| diff t ty] of In the 


Propuct 


of Gears for 


' 
gon, Fig. 1 


(A), the drive 


the output shaft C begins with a pai 


first desi 


| I 
} f ‘ 

ol bevel gears Ol unequa ratio (not! 

miters) and proceeds through a ¢ 

threaded worm and 

The drive 


several spul gears 
o the other output shaft J 


starts at another pair of non miter 


els, continues through several 5} 
gears, proceeds through a sé ond pa 


ol bevels, and then thro gh a wor 
and worm gear 

In this train there ar four s 
of bevel ears All four sets ar 


slightly different from each other 
ratio and b 
eignt blanks of 
are needed 


Several 


, 
dimensions, therefore 


different d 


ank 
mension 
things are wrong with th 
design of this gear train. First, i 
goes through increasing and decreasing 
speed rates to achieve the final outpu 
ang 

lar transmission is reduced by using 

ar and un 


reduction; second, accuracy in 


double thre ‘ de d worm a id r¢ 
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Any moterial extending beyond interference point is ineffective 
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Y Fig. 2—Split worm gear construction sometimes employed to take up backlash. 
. Backlash is removed at the sacrifice of satisfactory contact. When one-half of the 
gear is rotated slightly in relation to the other half to remove play, two restricted 
NAN areas of contact on diagonally opposite sides of the worm tooth are obtained, this 
ae reducing the load carrying capacity and the service life. 





J Fig. 3—Worm and gear design in which the tips of the worm threads function in a 
WY zone where the involute profiles of the gear teeth have been undercut by the gen- 
e erating hob. All the material in the worm beyond the interference point as shown by 
Restricted convact the shaded areas is ineffective. Renm-oval of the ineffective or surplus metal from the 
oreos tips of the worm threads will avoid the danger of interference with a high fillet in the 
trochoid of the gear tevth profiles. 





Precision Instrument Drives 


Design simplifications that improve the performance and reduce the cost of 
gear trains for instruments. Functional and manufacturing advantages in- 


herent in the several types of gears used in the construction of instruments. 


ven satios in bevel gears; and third, possible to desig ( 

nanufacture of the gearing is need all the bevel gears and thus achieve nce two 

essly complicated thereby increasing two manufacturing advantages: (1) the same j 

the cost. One tool set p to bore, turn, and f 
An improved design of the gear eight blanks; and (2) All gears can Th 

train shown in Fig. 1 (A) is shown be cut and inspected with one set of ft Dw 

in fit 1 (B). All the bevel gears are tools 

miters . one to one ratio), thus it is The double-threaded worm wa gear H. | 

possible to match the high point ol hanged to a single-threaded worn “A | tect lane 

the run-out of one gear with the low and the worm gear changed to suit 

point of the run-out of its mate. This that their ratio and di Ns WO 

practice is common in precision bev- be identical with the lower worm a1 

| gearing, and leads to greater a gear. This change was made possible Ir 

iracy. In most bevel gear assemblies by changing the ratio of spur gears I 

when the ratio is one to one, pra ind F, from 1:1 and 2:1. Again, th use of exped If 

ically all of the effect of run-out can hange resulted in greater accuracy nental princi , tox 

be cancelled out in this manner ind manufact g advantag A | | 
By making minor changes. it was 1racy-WIs th single-thread worn artic] P ( 
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rument Gear Design’’ Propuct EN 
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An example of poor worm gear de 
p 183, sign is shown in Fig. 2 


This split gear 


ttention was directed to the fallacy construction is sometimes employed to 
f using low pressure angles such as_ take up backlash. In such a constru 

144 deg in preference to the com tion, backlash is removed at the sacri 
nonly accepted 20 deg p 


20 deg pressure angle, fice of satisfactory contact. When 
vhich has become an American stand- one half of the gear is rotated slightly 
rd for fine pitch gears. While the in relation to the other half 


to re 
liscussions in that article centered 


move play, two restricted areas of con- 


round spur 


pur gearing, they are equally tact on diagonally opposite sides of 
ipplicable to worm gearing the worm tooth are obtained. The Iocad 
The American Standard { 


ndard for worm carrying capacity and service life or 
gearing, known as ASA B6.9-1950 durability of the drive are both con 
overs worm Jerably reduced. 

practically all instru Here is the joker in this combina- 
ment gearing falls. The pressure angle tion. Because the worm gear, in the 
ised in this standard is 20 deg. This design under consideration, had a 
(andard is a step toward simplifica small number of teeth and these were 


pearing of fine pitch, in 
h category practicall I] 


tion of a branch of 


h of gearing not gen- generated with a 143 deg pressure 
rally understood too well, and one angle hob, it was badly undercut. This 


which has been a woes f holies for condition resulted in poor tooth a 


many years. Instru r designers tion. Actually, in such designs, the 
would do well to jollow' thie inated. worm addendum could be materially 
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shortened without affectins 


ratio 
Since the tips of the worm threads 
function in areas where the involute 


profiles of the gear have been cut away 
by the generating hob, no tooth action 
can occur beyond the point of inter- 
ference as shown in Fig. 3 by the 
shaded area. It is desirable, therefore 
to remove the surplus metal from the 
tips of the worm threads ause by 
so doing, the danger of interference 
with a high fillet in the trochoid of the 
gear is avoided 

The argument that low 


angles are preferred when backlash i 


1S 


sressure 
critical, breaks down seseailahile in an 

application of this kind, because the 
Biteons had provided an artificial 
means of removing backlash by a split 
gear construction. Removal of the in 
effective worm material would have 
helped to obtain smoother action. It 
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itact 


eads 
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tion 
nter- 
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fore, 
1 the 
e by 
‘ence 


f the 


ssure 
sh is 
n an 
» the 
ficial 
split 
e in 
have 
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higher 


Presst 


ap} I 


ipparent that a 
.| 
gic 


us gear set. Undercut in the gear 
would then have been avoided 

A second fallacy, with the particular 
was the 


such as 20 deg was indicated 


worm gear set, fantastic an 


ilar transmission tolerances that were 


originally specified. Even admitting 
iat the extremely close tolerances 


necified could have been satisfied by 
1 means OF 
curacy is destroyed in a construction 


ch as shown in Fig. 3 


' 


another, much oF the 


when the 


onjugate sections of the two halves 
changed to remove backlash 
A much better way of 
acklash in worm 


retained accuracy is important, is by 


removiny 


peariny in 


which 
means of dual lead worms as used by 
he Gould & Eberhardt 
their hobbing machines 
ire ground to a 
the thread, and to a shorter 
The dif 


the leads depends on the 


( ompany in 
These 


standard lead on one 


worms 
Hank of 
ad on the opposite flank 
ference in 
umount of adjustment required, and 
s affected by ratio, center distance, and 
pitch. Backlash is taken up by moving 
the worm The hob 


ised for producing the gear is a coun 


along its axis 


terpart of the mating worm, that is 
it is also ground with a dual lead 


Conjugate tooth action is therefore as 
sured regardless of the 
backlash between the worm and gear 

A dual lead worm and gear combi- 
nation employed in a precision gear 
utting machine is shown in Fig. 4 
Dual lead worms have also been used 
successfully in many mechanisms such 
as dividing heads and other devices 
where the control of motion and back 
lash is important. 

Worm gearing of low lead angle 
and large diameter is preferred in mo 
tion drives. A worm gear for a mo- 
tion drive is a mechanical filter. The 
larger it is and the more teeth it has, 
the less error will pass through it. The 
ideal motion drive-worm gear has: (1) 


amount ol 


Cone intersection 
point is ignored 





A large t r OF tecth; (<) as larg 
llameter as the mechanism wil pe! 


and (5) a mating single-thread 
worm O! as low icad angle aS 1S PpOssi 
ble Because ot these 


nas 


re juirements 
such a drive low ethciency as a 


5 





power transmitting device In tact, all 


the desirable tactors that are important 


IN an efficient power dagrive oO DE 
avoided in a motion drive 
Like other ypes or fil yOINC 


crrors do vet Dy 1n a2 WOrM Leal APrive 


Among the errors it cannot filter out 


are bearing errors. Excessive run-out 


In anti-fricthon alfects uni 


pearings 


torm angular motion of both the 
Thrust 
end play of the worm can 
be disturbing if improperly designed 
Another type of disturi 
ance that can pass through a worm 


worm 


and year bearings used to 


control the 


and adjusted 


drive is one that is in phase with either 
the rotation of the worm or gear, 01 
both 


; 


A gear train tor a machine com 


monly used to hob instruments gears 
is shown in Fig. 5 


of this machine, 


The manufacturer 
like other manufa 
tureres ol! gear generating equipment, 
suresses precision at the key points ot 
the gear train that are 
circles in Fig. 5. These key points 
center around the worm drives and 
lead The index-worm gearing, 
feed gearing, and lead screw are made 


enclosed in 


screw 


to a much higher degree of accuracy 
than the remainder of the gear train 

In the precision machine built by 
this manufacturer, extreme care 1s 


taken to produce the index-worm drive 
to a high degree of The 
worm wheel is several times larger in 
the precision machin 


accuracy 


than the one in 
their Also the 
wheel thread 
worm in the precision machine instead 
of a triple-thread worm that is used 
in their standard 
machine 

The remainder of the gear train is 


machine 
with a 


standard 


operates single 


high production 


~— 
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Fig. 6—Two designs of instrument 
bevel gearing that are difficult to 
mount accurately. 
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Fig. 7—In bevel gears with intersecting 
axes, all tooth elements converge at the 
cone center from which all tooth measure- 
’ ments originate. 
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Fig. 8—Bevel gear blanks with flat front faces 


facilitate accurate assembly. 


Distances A and B 


can be held closely, therefore, the front face can 
be used as a reference surface in assembly. 





7 
(Limiting point of 
“outside diameter 


pressure angle are meshed together 
The tolerance on back angles in 
bevel gears is quite liberal (see ‘Fine 
Pitch Bevel Gear Standard, ASA B6.8- 
1950) and in many instances bevel 
gears do not have back angles. One 
innot be sure, therefore, when match 
ing back angles that the gears are 
properly meshed 
One practical way to obtain correct 
mesh is to make the blanks with a flat 
front face as shown in Fig. 8. In ma 
chining the blank, the front face can 
e held to a close dimension both in 
spect to the crown point and the 
lof hub. The front face can, there- 





Reference surface 
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Fig. 9—Gage plug positions flat 
front face of gear blank in as- 
sembly and establishes the cone 
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fore, be used as a measuring surface 
to establish the cone intersecting point 
in assembly, which as shown in Fig. 
9 can readily be done by means of a 
gage plug. 

The majority of instruments employ 
straight bevel gears in right angle 
drives, although other types of gears 
of the bevel family have many advan 
tages. Among the less common types, 
the virtues of which are not fully util 
ized, are Zerol gears 

Zerol gears are curved-tooth bevel 
gears with zero degree spiral angles. 
They belong to the spiral-bevel family 
of gears, and combine the localized 
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» 
“Face gear 


Fig. 11—Section of an on-center face gear and pinion. Face width 
is usually narrower than a bevel gear of the same pitch and ratio. 


Fig. 10—Diameter at which teeth become pointed 
generally limits the outside diameter of face gear. 


tooth contact of spiral-bevel gears wit! 
the freedorn from thrust controllin; 
problems of straight bevel gears. 
Localized tooth contact results i 
smoothness of motion and quiet op 
eration; it also permits some latitud 
in misalignment. In instruments, be 
cause of boring difficulties and lack o 
rigidity of mounting, it is an advantag 
to have some provision for compensa 
tion of alignment errors and shaft de 
flections. Until recently, straight beve 
gears did not have the virtue of local 
ized tooth bearing. Some of the nev 
straight bevel gear machinery can prc 
duce Conefiex gears, which have 
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used im consumer goods ing] zer 
Many instrument manufacturers, there ta { A 
re are reluctant to buy e€ | ipm nt rad : al te 
hat will not fit in with their peace circle radius. The momet 
e manutacturing requirements ingle increases in value for 
It is suspected that the inertia on rease in radius on the fa 
part of instrument designers Ecol | 1 


specifying more Zerol gearins sure angle of the n at 


ns from two sources: (1) Lack of from the ter of the ft 
lerstanding, and (2) the fact th th id ‘ 
blank design is wedded to the tools pinion is 
1 to t, the teeth. Someday radi rt 

onsideration will be giv te No 1 of ‘ 
problem of simplifying blank d ooth that 

I \ | L rs of h | P tch ] mS I 
trective I I I 


Fa gears are finding more and produced by tip of 

re acceptance in instrument design moves most of tl | 
or right angle drives. Fa rears | 1 of 00 
oth the on-cente nd the off t Th ‘ | lj 
ypes, can be made Wi h r the | i \ I 


gen Factors’, PRopuCcT ENGINEERIN¢ eth oO ‘ | 
july 1950, p 117). Face gears belong lightly beyond tl 
) n bevel LCa I ly ol Th fo 
s Like bevel years ne ity 
rang is quite bro 1 ind oO } 
gamut of hobbed or milled { 


(which are not oI igate of a mating AN EXHIBITIOD 
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1 in instrument dri Other d 
RECOMMENDED Use. Face gears at 
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' . . CONTI y ( N ft 
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; ” 1834 \ ( 
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were . } ‘ nis 
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tect +} 
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hange in backlash, bearing patter tested the first s 
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Fig. 1—Three types of creep 
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p measuring and sisi systems: (A) dial indicator system; (B) cantilever strain gage 
differential transformers. The LVDT system is fast, accurate, and gives 


a visual indication of conditions as the test progresses. Fig. 2—Extensonmeter system utilizing linear variable differ- 


An Improved Creep 


Measuring and Recording 


SEVERAL DIFFERENT TYPES of 
hort time creep measuring and reé 
cording systems ar 
ised by industry. Among these is a 
lial indicator system, Fig. 1(A), in 
which a dial indicator extensometer 


irrently being 


ind a running time meter are photo 


‘raphed with a 16 mm motion picture 
imera Another system, which was 
leve loy ed by the Cornell Aeronautical 
Laboratory,? consists of a cantilever 
type strain gage and suitable amplifiers 
and recorders, Fig. 1(B), to mechan 
electrically indicate 
the amount and rate of creep 


ically measure and 


Both of these methods of measur 
ment have several serious disadvan 
tages. With the dial indicator systen 
the data cannot readily | 
test progresses, with the result that 
malfunctioning of the equipment may 
he detected too late for correction. The 


strain gage system requires a comples 
ctrical circuit and has a limited 
range of sensitivity. ‘his system is 


easily damaged 
The use of a system consisting of 
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linear variable differential transformers 
(LV DT) to measure creep and a 
modified potentiometer 
chart it, eliminates such problems. In 
brief, the LV DT method has the fol 
lowing advantages over established 
methods 


l. It has the required accuracy, re 


recorder to 


liability, and simplicity of operation 
Although there are no data affording 
a direct comparison, the LV DT sys 
em should be more accurate than th 
lial indicator system during the early 
stages of creep in tests of sheet ma 
strain readings are often 
iven by a dial extensometer wher 
I : 

luring the early part of a test. Ap 
ntly, this result is due to a straig 
ng of a bend in the test specimen 

No such difficulties have been ex 
perienced with the LV DT system 
since two differential transformers are 
ised, Fig. 1(C), one on each side of 
Straightening of the 
auses equal and opposite 
1 the differential trans 


1 ) 
oad is first IP] lied to a specimen and 


the specimen 
specimen 


ovements 
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formers on opposite sides, and the net 
resultant is zero 

Also, the ability of the LV DT sys 
tem to average strain from two sides 
of a specimen makes this system more 
suitable for creep test of bar material 
in which non-axial loading and un 
equal straining are frequently encoun 


tered 
; Sy) é the pr Pre raerl é 
4idiiy) ve rded é Ad: ) 
Nadal ) Can De NAde i r é 
rovresse md i Plé ro? ve-riu) 
thereby mi had ized 
2) Use « oLV DI yilewn require 
Man ; M1) th an the dial indi al 


lem The time saved in the tran 
scription of data may amount to abou 
40 minutes ol operator time per test 
for short tests 

}. An LV D1 recording system 72 
applicable f other types of researc/ 
ind testing problems Differentia! 
transformers are generally useful as 
means for measuring small movement 
(see PropuctT ENGINEERING, July 
1950) and the LV DT system can be 


aise 
January, 1952 





amplifier ond 





















LvoT 


1 


oth 


Pre 








age 
ives 
fer- 


Sh 


SYS 
des 
Ore 
‘ial 
un 
un 








60 ~ 
INPUT 





—— 





] 
AMPLIFIER | 











ential transformers to obtain creep data from 
a sheet specimen. Fig. 3—Basic LVDT circuit 


for one channel and three ranges. 


J. W. HUFFMAN 
Engineering Research Laboratory 
North American Aviatior " Inc 


System 


ed as a general pu 


to record data from 
the deflection of structural 


sts, €.2 


mbers under load 


Construction of System 


An 


litterential transformers as set 


extensometer system utilizing 


Ip for 
se with onc creep machine is shown 
Fig The test 


‘ntional shap 


specimen 1s of con 


Two pairs of ex 
msometer arms transfer clongation of 
the specimen to 
lifferéntial transformers. These trans 
formers consist essentially of three co 


two linear variable 


ixial coils wound consecutively 


on a 
phenolic cylinder with an axial hole 
A steel slug is inserted in this hole 
When the center (primary) coil is 


t 
nergized with a-c voltage, 


ire induced in 


a-c voltages 


the two end (se 

ondary) coils. The sum of the two 
ondary voltages is constant. Rela 
ive axial movement of the slug, how 
reduces the voltage in one s¢ 

Ondary coil and increases it in the 

other. The voltage in each coil is a 
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In Operation i test may | eful VI 1 1 ile h mea I inst 


n gun p g instru 
’ ] } ) 

with the recorder in the most sensi nt consisting of a telescope that 

tive range. When the specimen ha O\ ilong a finely graduated scal 

elongated to the end of this range, th The results of these calibrations are 

printing Carriage actuates a switch that tabulated in Table I. Comparison is 


changes the ranges of the recorder to made between percentages rather than 
the next higher range. This process between elongations, since different 











continues until the specimen ruptures gage lengths wer sed in the two 
or the end of the last range is reached nethods 
Ihe choice of scale ranges is arbitrary Ihe relation between t LVDI1 
. its ind n hetome 
Operation of the System ' 
d nents 1s now y i pio in 
Several creep tests wer onducted Fig. 4. Ey pt for the point “P’’, th 
with the LV DT unit to determine its lata points fall closely yut the solid 
| ' 
accuracy and yenceral operating hara Line repre scntuinyg perte nt 
teristics. In these tests reep data tween the two methods of sur 
ziven by the recorder were checked ment. The point “P” i lieved to 
igainst measurements made directly or displa ed because of so equi} 
the test specimens with a cathetometer ilfunction. If th ut yf the data 
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Fig. 4—Comparison of results from LYDT system with measurements 
of elongation made directly on the specimen with a cathetometer. 
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Fig. 5—Basic multi-channel circuit for bank of creep testing machines. In 
addition, a separate range switching device must be used for each creep machine. 
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etween Is SEC 

pro able, th i sion of the LV D7 
is, at preset than adequa 
tests Oo n rial Hows 
greater precisior will probal lv } 
achieved by improvements in the el 
trical circuit of the system 

The time required to start a cr 
test was fo 1 to be about the san 


for the LV DT and dial indicator 
tems. A comparison of the tin 


ICS 
juired to tran lat ro ne tw 
systems is con | ited y the fact tl 
the time varies with the length of te 
particularly with the dial indicator sys 
tem For lor tests the time for 
transcril Ing’ 1S oximately the sa 
for the two systems. For short tes 
the data from the recorder chart 
© 2 id rew nd hort t 
with the dial nd ior f lire tl 
the film from the recording can 
leveloped ind iew¢ {1 with is<OR 
cordak, in Operatior Oo ning 15 te 
30 minutes 

Maintenance and ser\ required by 
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LV DT system requires little or no 


| at 
tention during operat Maintenar 
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hecl th h ad # 
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irrangement would necessitate the 1 
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rh, Fig. 1—General case of the five-bar linkage. Fig. 2—Path of point P is shown for this special case—a symmetrical, 

1 ) An infinite number of different motions can five-bar, double crank linkage. Slider will have two forward and two 
; be generated by varying linkage characteris- backward strokes for this mechanism because crank speed ratio is 2 
: y varying g — 

a tics. The authors discuss one special cese. A phase angle of 30 degrees was chosen for illustration purposes 
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ally 


‘ Analysis of a Symmetrical 
Five-Bar Linkage 


D. C. TAO traces a 





path whos d A 
AS. HALI letermined by the lengths of h / 
Puntos Calves — o of ti | 
SUCCESS IN THE- DESIGN of mechan nd of . , ra) 
sms depends, first of all, upon a fa and the value of the phas« g] It | 
= niliarity with many types of linkages is impossible to des ril and tabulate 
inc an appreciation of their possi all of the motions that could r 
ord ilities and limitations. Although the erated in this manner, but ted uf ween the f 
ma slider crank and the four-bar linkages data on one special form of this link f called 
r of an generate a great variety of motions, age will indicate the possibilities of In Fig A) a own ty 
1 an there are many situations which these the linkage and will serve as a guid grams of 
in- simple linkages cannot handle unless in selecting the linkag f luced t h 
VICE they are used in complex combinations quired to satisfy a par lar probl yf ‘ 
ine In these cases, other types of linkages The symmetrical five-bar linkag lacement ‘'x f 
that are better suited for the job should shown in Fig. 2. will be used for ill xtreme left position ’ 
€ investigated tration. By symmetrical is meant tha gainst the ang A ; 
man, One type whose possibilities have cranks 2 and 5 are of equal lengtl for a f 
1 of . ; ‘ , , 
eaaaie not been fully explored is the five-bar and connecting rods 3 and 4 are also 
400, double-crank linkage shown in Fig. 1 of equal length. Discussion also w 
In this linkage, gears maintain a speci- be restricted to the case for wl 
Can fied phase angle between the two point P drives a slider whose motion Ik 
»era- — ] . 1 1.7 ' 
sheet anks to make a mechanism from the is confined to a plane parallel to ¢ KW 
eas ombination. As the cranks rotate at line joining the crank pivots. The 0] 
a constant angular velocity, point P left crank angle, 9, is defined as pos il of the 
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| Speed ratio 
j } Ash, i 
7 
(A) | (B) 
0 Oo 
9) 90 180 270 360 0 
Left crank angle © degrees 


ma +. ene 


Fig. 3—(A) Number of slider strokes as well as their 
length and time relation can be varied by changing the 


ad whol numl cI either positive or 
trative. Therefore, this type of link- 
is useful when a periodic recipro 
consisting of several 
different lengths and dif 
relations 1S desired 

Probably the lowest spt ed ratios of 
practical significance are », since the 
motions produ ed with speed ratios 
of +1 can be approximated by sim- 
pler linkages, such as the offset slider 
crank. Fig. 3(B) and (C) shows a 

displacement diagrams for 

the slider motions produced by a sym- 
metrical linkage with a crank speed 
2. These curves have been 
lrawn for one set of linkage dimen 
sions but for a series of phase angles 
Although all curves for this value of 
rank spec 1 ratio have two crests and 
two troughs, as the phase angle in- 

ises the shapes of the curves « hange 
ind the troughs and crests are dis- 
placed with respect to the starting 
position of crank 2. Further variations 
ould be obtained by varying the link- 
ige dimensions, even though the sym- 
il characteristic is retained. 
effects of all of 
onvenient source, 
been constructed for 
this symmetrical five-bar linkage and 
ncluded as Reference Book Sheets, 
p. 201, 203 and 205, of this issue. 
The method used in constructing these 
harts is as follows: 


Referring to 


ing motion 
trokes ol 


rerent time 


cries ot 


ratio ot + 


metri 
To incorporate the 
variables in a 


lesion ( harts have 


Fig. 3(D), the first 


6 


trough in the curve for @ == 0 degrees 
is designated R, the first crest to the 
right of R is S,, and the trough to the 
right of S, is S,. The crest to the left 
of R (or to the right of S.) is labeled 
S,. The vertical distances from R to 
S,;, 5, and S, are represented by 5, 
fo and 53, respectively. They are posi 
tive when measured upward from R 
and negative when measured dows 

ward. The location of R in terms of 
the angular position of crank 2 can be 
found from Fig. 3(B) and (C). When 
@ is zero degrees R occurs at 153 de 

grees of the left crank angle. When 
@ changes to 45, 90, 135, 180 

the same trough R occurs at 184.5, 


210, 231, 249, 270, 280 and 303 de 
grees respectively. When the phase 


angle is 360 degrees, R becomes S. 
and corresponds to 324 degrees of the 
left crank angle. Thus a 
urve of the left crank angles at which 
R occurs can be plotted against the 
different phase angles 
called R in the design charts. Simi 
larly, the left crank angles at which 
§,, §, and S; occur for different phase 
angles are curves S,, S. and S, in the 
design charts. To make these curves 
sometimes it is mecessary 
to measure the crank angle in negative 
values i.e. counter clockwise from the 
left end of the x-axis. For example, S, 
in Fig. 3(D) occurs at —144 degrees 
which is the same as +216 degrees if 
measured clockwise 


continuous 


This curve is 


continuous, 
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90 180 


Left crank angle 6, degrees 


270 


speed ratio. (B) and (C) Varying the phase angle changes 
the shape of the curves and also displaces the troughs and 


Another set of curves in the de 
sign compares the lengths of 
the different strokes and also compares 
stroke lengths to linkage dimensions 


charts 


The plot VS 


shows the length of the first forward 
stroke as compared with the diameter 
of the crank circle. In the first back 
ward stroke, i.e. the distance between 
S$, and So, 5; can be represented 


by the curve VS phase angle 
P é 
5} 


This curve shows the length of the 


first backward stroke as compared 
with the first forward stroke. Also, 
I3 - 
the curve vs. phase angle 
Sy 


shows the length of the second for 
ward stroke as compared with the 
first forward stroke. The point of in 


tersection of the curves and 


indicates 


and its cor 
Sy 

responding phase angle, and crank 

angles can be read directly from the 

design charts. As indicated previously, 

Sy 


for & 360 deg. is the same as 


nN 
| 
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crests. These curves are drawn for a + 2 crank ratio. Link 


age dimensions correspond to I/r of 9 and f/r of 6. 
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(D) Notation used in construction of design charts is illus- 
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Left crank angle @, degrees 


trated in the above drawing. 


to pe 5 ot } 

cycle e. 135 

, 

nk ing A 
eprees Oli _ ) 1} 
le in th 0 
sign charts 

(3) Ih 
f qr | " 


for @ 0 tor » forward positions is 
27 , time for the complete 
degrees of the left 
360 is the same as for @ tolerance of 
2 angle is alowe 1 
° Expressing this prol 
0, and for 360 is the tations used in the de 
Sy 
1 
Same as ior sO tl th 0.1 
3 So 1 


stroke curves are continuous 


Sample Design Problem 


To illustrate the use of the lesign U v sired oO | 
harts consider the following problem Io find a linkage that can generate “8° . 
A reciprocating motion is required for such a reciprocating motion, a value “*@4pfed to tix 
which the slider moves forward with a of the phase angle @ must be selected 9 ‘SQUITEMENTs « 
in. stroxe, reverses and moves back from the design charts that will satisfy It 
ward at least i} in., forward again to the following three conditions onsists of two 
within 3 + 0.1 in. of the position at ward strok 


the end of the first forward stroke (1) The 


then backward to its initial position 11 


Table I—Data for Five-Bar Linkages Shown on 


corres 


ponding difference 


annot be gen 
a 
hetween the aire Dar iinKat 
which charts 





Linkage (Q = + 2 Phase A . 
fr=4 1 ! 
7 t 14 137 0 
{ 154 138 
7 5 127 
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tnen a possidi pre 
Pages 201, 203 and 205 ce oper m1 
= ates the de | 
) t by cut-and 
hicatior if 
he follow 
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Adjustable 


Fig. 1—Possible applica- 
tion of adjustable trans- 
former for speed control 
is pictured here. Opera- 
tor adjusts speed of ma- 
thine by foot pedal, 
which is chain connected 
to transformer (inset). 


Fig. 2—The compact con- 
struction possible with 
adjustabie transformer 
controls is illustrated by 
this design employing a 
Xenon filled EL-6C recti- 
fier tube. A baffle plate 
separates the tube from 
the other components. 


Transformer Motor Speed 


W. N. TUTTLI 


General Radio Company, Cambridge, Mass 


AD JUSTABLI TRANSFORMER 


applied in 


motor 
peed controls are being 
increasing numbers on _ production 
This trend has resulted 

lution of the ad 


quipment 
from the evo 
ble transformer from a laboratory 
levice to a piece of industrial equip- 


nent capable of handling considerable 


Ower, and 


| p rtly from the develop 
nt of suitable cir and tube and 


iry plate rectifiers so that the controls 
an | ised with d shunt or com 


eo 
poun | motors 


The characteristics of an a-c motor 
operated directly from an adjustabl 
transformer are suitable for only a 
limited number of applications. Series 


178 


constant 


and repulsion motors can be controlled 
over a wide range ol speed, but speed 
is highly sensitive to changes in load 
The combination of an adjustable volt 
age control with a motor of this kind 
is satisfactory only when the load is 
or varies in a suitable manner 
with speed, as in the case of a ventilat- 
ing fan. But even when the driven 
load is constant, considerable variation 
can be caused by heating of 
ants, working in of the bear 


TT speed 
the lubri 
ing surfaces and so on. In general, 


transformer controlled a- 


therefore 
motors are not used often for machine 


tool drives and similar applications re- 


juiring good adjustable speed char 
teristics 

It is in the field of d motors that 
he adjustable transformer is finding 


When 


rectifier, this device 


wide combine 


with a 


ac ceptanc € 
provide 
an adjustable voltage that can be ay 
shunt or 
compound motor operating with con 
stant field excitation. The 


plied to the armature of a d-« 


inherently 
good regulation characteristics of th 
motors are preserved and 
control is made available 
An arrangement of 
basically a 
the variation of speed with loa 


‘mpl 
a simp! 


t 
constant speed system, be 
cause 
is due only to the 7R drop in the arma 
modified somewha 
by the change in flux due to armatur 
reaction and the series field, if used 
Because of the 


ture voltage source. 


regulation o 
the adjustable transformer and becaus 
the conduction point of the rectifier 
is not held back by grid control, th 


good 
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the motor 1s suahly i ween 
1:75 percent of the total spec 1 reg ‘ 
ition of the control and motor 
When diodes or selenium rectifier 
re employs 1 in a rectifier systen 
possible to obtain oth good regula 
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Perform ince 


Fig. 3—Speed-torque curves for 1/3 hp adjustable trans- 











former control and compound wound motor. Percentage 


regulation varies inv 


ersely as the full load speed setting. 
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I notor at r pe gd, and f 

it when the motor is operated a 
twice base speed by field weakening 
On the other hand an 8,800 rpm 


} 


1/15 hp shunt motor, mad¢ by con 
crting a 
the field at a 


series motor and operating 


constant 


was found to have a regulation of « \ 
pel ent Th 
irized in Table ! 
Ihe percentage regulation figures 


given apply only when the mot 


operated at base speed The reg 
ition expre 
| 


etween full-load and 


ssed as rpm rise in speed 
no load 5 al 
L’ that tl 


proximately onstant, meanin 


percentage regulation vari nversely 
is the full-load spr | tting I} 
illustrated in Fi which show 


a family of spec 

hp selenium rectifier control oj 
ing 
Almost identi 


with a com} 1-Wwo 1 motor 


I 
al ipply to th 


oun 
larger ? 

Even 
regulation of the ontrol and mot 


hp control 


at the low-speed settings th 


has proved satisfactory It is econ 
ig clear that although goo gulatior 
de siral le cr iv ret tla Tf 


“© Sz 





Fieid 
fuse 





Fe 


Field supply 
“U5 volts dc 





lerit in yud 


ontrol. The regulation requirements 
shx ild DE matched to the work to he 
lone, and experience is showing that 
xtremely close regulation is required 
only for exceptional applicatior 


t rt 
Form Factor and M iol 


ctor of the ar 


Ratin 4 The 


mature current 


is the ratio of the rms current to the 
value. Only the d component 

produces useful power output, the 

‘ 

a-c component. merely increasing the 


Assuming that armature dissi 


OSSES 


pation limits the current that can safely 


drawn, the useful power that c: 





be supplied by a given motor vat 


inversely as the form factor. One in 


vestigator gives the figure of 1.55 tor 
he form factor in a thyratron control 
he value being approximately constant 
Corresponding 


ormetr 


over the speed range 
the 
ontrol are given in Fig. 4 


values for autotrans! speed 


Only the 


y 


full-load value is in portan 
the output, and this varices from 1.16 at 
ase speed down to 1.01 or 1 at the 
lower speed settings 


Speed Range 


motor, with most loads 


Th specda Or tne 





1djustaDie [rom Das¢ spe iown to 
I r ] ‘ ry 
ZCTO 1 Ciatively Casy Wilit a2 MO 
which free from “cogging” to run 
hr | } } 
ootn or light load steadily at 
, , 

r 30 rpn Although the regulatio 

poor at low peeds, most lo cal 

vradually started o Op} 

High speed motors nay € sed 
O advantage w 1 adyustapdi trans 
former speed co rols ithe t 

r the i ila i | 
, 
) oO f Working Sf} 1 
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—o f, 


Shunt ) ym pound-wound 


motors for spec is greater than 5.000 
rpm are not generally available, so 


universal motor reconnected to operate 


field ex 
erally used. By this means equipment 
by a universal motor can b 


converted for adjustal le 


constant itation is gen 
powered 
constant-speed 
operation without changing the motor 
he 


over a 


change gives improved regulation 

wide and while 
starting torque is reduced, any starting 
ringing 


spe ed range, 


| 
problems can be overcome by 
nm the speed with the control knol 


*?) 
When motors having base 


] 


spec 1S 
000 rpm or higher are used, it is 
possi le to control light 1s over 


I 
| } ] 


speed hundred 


loa 


io one. 
The range of speed that can be cov 
ered by armature voltage control can, 
of course, be extended by varying the 
field 
the usual cornpound-wound motors can 
fiel | 
weakening. This range has been used 
in commercial 
controls to give greater flexibility in 
fixing the top speed when a control 
is installed, but not to 
range. A tap 
transformer 


excitation. The base speed of 


be raised about 25 percent by 
liustabl Scenes 
adjustable-transtorme! 
increase the 


the field 
normal 


working on 


at 65 percent of 


voltage gives about 15 percent increase 
in the motor base speed. The desired 


bar 
af 
cation 


} 1 

s selected according to the app! 
“= 

Smaller motors of standard 


design permit an increase in base speed 
1 by field weakening 


of up to 2 
Special motors can be controlled 


over a speed range of 4:1 by field con 
trol and even up to 8:1 by 
Such 


more 


laporate comstructions motors 
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Motors provided with a commutat 
ing pole give improved commutation 
over the working speed range, par 
ticularly in reversing service. This 
onsideration appears to be of less 


portance with small motors, and 


) 
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‘ Armature 
o¢ 
yi ind Vv 
R — | 
én _ Series fieid 
ww 
| Shunt field 
Ls 
o 
| OL ot 
| +h 
@ FIG. 6 
qh] ae 
ral R= | a ¥ 
He 
re expensive and are designed for ap zes below } 
lications where the range of speed ava with c 
ybtainable by field control is all that Bither diode t fic 
s required Use of such motors with imrt fiers may emploved 
oth field and armature control has fers 2 , ’ 
emed both complicated and expen F € opera 
sive for applications which have been nperatur hey 
onsidered so far but an arrangement able filament : 
f this kind might be used Mtl tn dies 
special requirements wirol. 7 ' 
Other Chas acleristi The low nN me sort of 1 f 
ternal resistance of the armature supply permit warn efo 
means that full advantage can be taken _— plied, and I ped 
of the excellent starting characteristics former f sary 
ot compound motors. Selenium recti rcuit 
fiers have ample short-period overload A thermally of 
apacity to take care of fast starting switch is f juently t 
und reversing. Even when diode gas _ yjde the time delay | 
be rectifiers are employed it is eco n order to recycle quict \ 
nomical to furnish greater starting motor operated sw 
irrent capacity than is usual with tl factory, 1, when tl 
thyratron controls. Adjustable trans- minute or less. r res n 
former controls have outstanding abil relay. In this « 
ty to start heavy loads quickly so that the motor stalls wl 
When heavy loads must be started switch is operated; a sprit 
it full voltage, the compound-wound mechanism gives 
motor is preferred to a straight shunt power is interrupted 
motor because the ratio of starting There are no critical 
torque to starting current is consider for the tubes. In a diode rectif 
tbly higher. Except with heavy loads, a choke the peak to average 
notors of 4 hp and smaller present ratio is low because conduct 
no starting problem, so that either type tines for the full duration « 
nay be employed, the shunt motor _ half-cycle This makes it rel 
Living slightly better re gulatior isy to provi le ample starting 
, pacity. Mercery, mercury-gas ¢ 
Design of Controls Silat tleen com, ton ened on Genie 


ording to the ambient temy 


requirements of the 


Xenon-filled tubes can be op 


over the wide temperature rang 


: 


Fig. 4—Armature current form 
factor at ‘various speeds and 
loads. The reduction in form 
factor at low speed partly off- 





sets the Joss of efficiency of the 


motor cooling fan. 


Fig. 5—Circuit for manually 
operated adjustable voltage coa- 
trol utilizing selenium rectifiers. 
See text for thorough discussion 
of circuit components and cir- 
cuit operation. 


Fig. 6—Control circuit for push 
button operation with dynamic 
braking. This circuit requires 
push buttons with two normally 
open circuits for starting and 
reversing and a single normally 
closed button for stopping. 


voltage and current in an ambient 
temperature of 55 C, and of 40,000 
hr or more in a 35 C ambient 

Circuil A typical circuit for a 


manually operated selenium-rectifier 
ontrol is shown in Fig. 5. Separate 
ridge-type rectifiers are employed for 
its. A four 


pole three position swit h is used to 


the field and armature cit 


‘tart, stop, and reverse the motor. Two 


poles reverse the armature voltage, one 
opens the input circuit to the adjust 
ible transformer and one connects th 
lynamic braking resistor across th 


irmature in the stop position 


switch is of the type which cannot b 
thrown directly from forward to ré 


ntarily in 
Open 
ina Iditior 


must be held mom 
intermediate 


verse but 
the stop position 


ing the input to the Varia 


to opening the armatur ircuit when 
stopping the motor nterrupts th 
irmatur irrent with a minimum of 
arcing Moreover this rangement 
liminates the autotransformer no-load 


loss during idle periods ind ! luce 
| | 
| the ] 


ontrol 
field supply must operat 


cating of 
the 
Stop position 
braking, a 
is used in the field cir it; 
ilso to isolate the fie Id : 
irmature 


Since 
m the 


nami 


to provide 1) 
separate transformer 
this serve 
ipply from the 
supply to permit reversing 
of standard compound-wound motors 
leads. Also. sin 
lit breaker must operate at the 


ilue of 


if the spe ed setting 


having five 


sam 
armature « gardless 


coil 


urrent re 
the breaker 
is placed in the transformer o itput « if 
ut. It could also he pla ed directly 
n the : but 
of the forn 


irmature circuit 


factor 


Variation 


with speed setting 


results in somewhat more variat on of 
the operating point 

The field fuse is placed between th 
field transformer and_ re tifier Thi 
revents lamagc t the transformer 
mn case of rectifier hreal lown. but 

ke t desirable te 1 fuse of the 

low-hlow” type so that the initial 

f of leak nt through the 

tifier will not blow the fuse when 
the control first turned or 

No essential hang ire required 
when contactors are emploved to pro 


le push-button operation. A circuit 


utilizing standard a-c 4-pole revert 
(having fir 


ontactors t 
mally-open contacts) is shown in Fie 


One pair of ont rs . pla | im 
4 h rry if re ] | ‘ wT the nt ft ta 
the autotransformer. and two in tI 
button circuits. The dyn braking 
relay has a normally closed pair of con 


tacts for the braking circuit and a nor 


mally open pair for the control circuit 
fo prevent operatior of ther runnir 
‘ wtor hefore the lyn ry 
t has oper ! 
Ch hoke is imp P 


proving 


the rey ilation of the 


supply and in reducing t 
in 


irrent 


minimut!l 


ontinuous conduction th 


tier, giving these advantages, 1s one 
having a reactance « jual 0 one-third 
he equi il it load s ce (load 
voltage divided f ), at 
the line frequency | ( 1 in 
du tance 1S greatest therefor naxi 
mum speed setting and minin load 
Insufficient inductance is indicated by 
a breaking away of the speed torque 
curve from the straight lin ligh 
loads and maximum speed. It is casiest 
to design the choke empirically so that 
he bend in the curve is just p pt 
e at the low torqui nd 4 small 
ur gap in he core is employed so th 
he inductance will not drop off ex 
cessively at full load and ( tl 
form tactor 
In considering fo le d of 
ontrols, the essential facto | ting 
the output f th idjustable tr S 
ot be kept in mind. So tl 
autotranstormer | ish may tf vel 
oO the entire winding and giv 
iation of voltage from zero to 
iximu the winding must be ir 
. single la For a core of given size 
therefore, the cross section of copper 
id cons ently the power output is 
luced as the number of turns is in 
is¢ 1 oO { higher voltag opera 





n 


1 
I 


the armatur 


nductance 


ict: 1S offset 


that 


armature 

7 
he a-c ripple 
circuit. The 


] 
1! 
Will insure 


rough the rec 


somewnat 


Pi 


ODUCT! 





lower voltage, 
230-v Varia 


losse S al 


higher brush 
the net effect being that a 
has 80 percent of the power rating of 
a 115-volt design using the same 


Another factor limiting the output 


core 


is the amount of overvoltage or boost 
that is provided. The usual design 


giving O for 115-v 


make st 


135 v output input 


he copper loss at the two points 


of maximum loss about equal. Any 
further step-up seriously re luces th 
output, so that when the 115-v input 
tap is used on a 0-270 v Variac, the 


rating 1s halve 1 


0 itp it power 


t 


With controls ising selenium rect! 


fiers it is desirable to provi le enough 
wost to give 115 or 230 VN | outp 
so that standard motors can | ised 
at rated volta Va S ing 0-150 
Its i-« outp t for 115 volts Inp { 
will d live 115 volts on f ll load 
it the rectifier output ind have beet 


hp commercial 
developed 
This seems a good design gh th 


es the maximum 


t 
idopted for the 4 and 


ontrols which have been 
althou 
additional boost redu 
output power about 10 percent The 

st theoretical 
the 1S¢ of 1 motor wound for iho t 


design would require 
100 v. This seems undesirable in con 
trols intended for general application 
Wher 


top rating of 300 v is provid 


»30-volt op 


ration is desired 
1. This 
out 70 


gives an a-c power output al 


percent of that of a standard autotrans 
former on the same cor 
When the tube rectifiers are ised, 


Fig. 7—Coil winding machine with an adjustable voltage drive that per- 
mits a gradual start under full operator control, a wide range of winding 
speeds, and steady operation at any speed setting. 
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re i e proper amount of boost can be pro 
vac led in the center tapped step-up 


of otransformer required for the recti- 
re er circuit. Variacs of standard design 
vut n, therefore, be employed. 

yst Miniature selenium rectifiers usually 


used for the field supply of com 


ant vercial adjustable voltage controls. 


ats [hese rectifiers were developed for 
mn ower supplies for radio and television 
he sets and electronic equipment gen 
vut rally. For maximum life the output 
Ine rrent should not exceed about 75 
ercent of the radio set rating. These 
ti tacks can be operated at full voltage 
ch 1owever, and provided that the back 
' eakage when first installed is not e> 
ed essive at the maximum expected lin 
5) voltage, failures are not likely to occur 
ee A field supply fuse protects the field 
be rectifier -and transformer against 
en wrong motor connections or a short 
ial rcuit. When a tube rectifier is used 
d the time delay clock is connected 
w beyond the field fuse to prevent the 
a. applic ation of armature power unless 
he the field fuse is in place and inta 
ire The overload breaker must Oj 
nit instantly in case of a short circ and 
is should also protect the motor and 
a. ontrol against sustained overloads. At 
d. the same time, it should permit normal 
tx starting current several times the full 
+/) load value for several seconds. With 
1s tubs rectifiers it is also necessary to 
protect the tube from starting currents 
d of long duration in the event of a stall 
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or the ay pli ation of too heavy a loa 
A magnétic circuit breaker of 
time-delay type has been used in co Ow 


mercial Variac controls. For selen 
rectifier models, the rectifi 


therr | n toe + —_—" , 
tinermMai capa y tO te ™ 


rectiner it has € to POS ic & 
match the time delay characteristics of torn ‘ 
the breaker to the short-period 
I 
load chara S of t Int ‘ 
way full acvantage ca e tak of the x 
maximum tube rating on starting w 
out risk of damaging the tu Ww 
his is done, it is n¢ illy possibl \ 
with a single standard breaker to g 
protection ilso t » th or ‘ ] 
igainst sustained overloads ilthous Vit 
Starting prote tion S provid ! tically at 
mye } : 
Applications i ' ' 
Ke yt ra | \ i x i 

my! ? ] ) 

These controls supply nist tor and 
torque over the Working speed range tia 
In aj plications such as lathe drives rl " 
two pulley ratios make it possible to The « 
handle either light work at high speeds 
or heavy work at low spec is with 1 
ample torque margin. A back-geared neratio 
: 
lathe requires only i single drive ratio feasibl , t feed lla 

In determining the number of dr how | pli 
ratios required it should he re rf I< 
bered that it is frequently econon 
to provide a driving motor of greater wl 
apacity than with controls of other 
types. This is because the inherentl; unter 
low cost of the ad istal le transformer 
ontrols and because no derating of nrovided 


Fig. 8—Installation of a 14 hp motor and control on a 
Rivett precision screw cutting lathe. Since back gears 
are available, this proved to be more power than re 
quired; one hp would have been ample. The installa 
tion is both simple and inexpensive 


Fig. 9—Adjustable voltage feed control for carriage 
and cross slide of a production lathe. The control, 
which is rated at 1/15 hp, utilizes selenium rectifiers 
The feed is reversible and the feed rate can be varied. 






































Low Costs Methods of Coupling 





































































































































































Sixteen types of low cost couplings, including flexible and non-flexible types. ada 
Most are for small diameter, lightly loaded shafts, but a few of them can also be cor 
IIIT Iii iii iii iy Seeseeeescecese ea gies ecnennee 
Rubber sleeve. _-Hose clamp Spring 
: “Z OF. | -- » 
iI — 
: i 
: Mn 
. ! \ 
Pd —-+ — oo = A 
: LILI \ 
: ‘, =. 
H Rubber bose adhesive *-Split flexible sleeve = 
; Fig 1—Rubber sleeve has_ inside Fig 2—Slit sleeve of rubber or other Fig 3—-Ends of spring extend throu; we A 
: diameter smaller than shaft diameters. flexible material is held by hose holes in shafts to form coupling ad 
: Using rubber-base adhesive will in- clamps. Easy to install and remove. Dia of spring determined by shaft it t 
: crease the torque capacity. Absorbs vibration and shock loads. dia, wire dia determined by loads. fts 
: , gan I 
: V, 4 Mit. 
: Y O HTS ] 
: WS YG | ] Sprockets 
: e ’ 
7 0 (OP fo ||||2 { |e fr e yah 
: Chain - { 
ie i 
: WW 
; Fig Jaw-type coupling is se- Fig 8—Removable type coupling with in- Fig 9—Sprockets mounted on each Fig 
: cured to shafts with straight pins. sulated coupling pin. A set screw in the shaft are linked together with roller faste 
* Commercially available; some have collar of each stamped member is used chain. Wide range of torque capacity in © 
& flexible insulators between jaws. to fasten it to the shaft. Commercially available. Soft 
; ene, Steal sleeve Key, Steel sleeve Co 
: > 
: WS WY, 
: NS WY g —- 
: YI) \N WN \N | 
: y 
: y 
: Saenenenine - — 
: SMMOOyVy KK Kl } 
: “Setscrew 
; Fig 13—Steel sleeve coupling fastened to shafts with two Fig 14—Single key engages both shafts and metal sleev Fig 
: straight pins. Pins are staggered at 90 degree intervals to which is attached to one shaft with setscrew. Shoulder o: slee 
: reduce the stress concentration. sleeve can be omitted to reduce costs. slec 
; ‘ 
so pmatpenenanieneinieil se es coc @TeERe « eeee 
™ . 1! e7 | 
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Small Diameter Shafts 





adapted to heavy duty shafts. Some of them are currently available as standard 


commercial parts. 
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lig 4—Tongue - and - groove couplin 


ade from shaft ends is used to trans 


it torque. Pin or set screw keeps 


afts in proper alignment 
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Fig 10—Coupling made of two collars 
fastened to shafts with set screws. Pin 
in one collar engages hole in other 
Soft spacer can be used as cushion 


Collor Slotted 
s/eeve 





rig 15 


sleeve can be made of plastic material 




















Set screw can be used for 
small shafts and low torque by milling 





Knurled or 
pressed into hollow 
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ust 





Git 



































Coupling is made from two 





Screwing split collars on tapered threads of slotted 
sleeve tightens coupling. For light loads and small shafts, 
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Bolted flan 


meter 





One-piece flexible coupling has rul 
metallic ends that 
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i t valve 
1 Intensifier circuit. Three different operating pressures are available in this y] 
® hydraulic system. The clamping cylinders use pump pressure. The intensifier 
provides high pressure for piercing. A pressure reducing valve cuts pump pressure ‘ 
H. L. STEWART to a lower value for return of the clamp piston. Numbered arrows indicate direc- sir 
Logansport Machine Company, In« tion of flow for each position of the valve handles. ce 


TITTLE 


MANY HYDRAULIC YSTEMS contain a number of com- _ delivery pressure constant A wide range of pressures is D 
ponents requiring widely different pressures for their opera- easily obtained by adjusting the valve 
tion. For example, the clamping cylinders in a press The reverse of pressure reduction is pressure intensifica 


generally operate at only a few hundred psi. pressure while _ tion Low pressure oil is furnished to a large cylinder 


the main power cylinders may r juire several thousand that is mounted integrally in tandem with a smaller ci- 


psi pressure. To attempt to operate both at the same pres ameter cylinder. The pressure developed will be inversely 
re would involve excessively large main cylinders and proportioned to the piston areas. Such a unit does not 
mpractically small clamping cylinders. In addition, a large cause any temperature changes, neglecting friction and 
lume of oil would have to be supplied for the one unit leakage, because the energy input and output of the unit 
and a smal! volume for the other. To avoid such a situa- are substantially equal. There is no theoretical limit to 
tion and to achieve a balance of system, it is essential that the maximum pressure difference that can be develop “d 
a high pressure be available for some units and a cor but the volume of high pressure oil delivered will be R 
respondingly low pressure for others inversely proportional to the ratio of pressure output to 
The hydraulic units and methods that can be er ployed pressure input. The volume of high pressure oil per stroke 
to obtain multiple vorking pressures include is relatively small for high pressure ratios 
7. os lee Retary pressure intensifiers have been developed Their 
ai eiaiins Reale basic characteristics are the same as those of cylinder in- 
iin Male i sili tialiea tensifiers except that they are intended to give con- 
%. ——"s i i tinuous” flow. On the other hand, a single double acting 
i. Relief valves are } si : oil at the end 
ng ead gar cylinder unit delivers no high pressure oil at the enc of 
’ the stroke and a single acting unit delivers no oil on the 
Pressure reducing vals is the name implies, reduces return stroke. The rotary unit is in effect a combination of 
the pressure of the oil flowing through it. Basically, it is cylinders and so cannot deliver an absolutely steady flow of | 
a spring loaded vals A normally open, pressure reducing high pressure oil. There are bound to be pulsations 
valve permits unrestricted flow of fluid until pre-deter- For operating power cylinders, the single cylinder inten 
mined pressure is reached. The valve then operates auto sifiers meet all the requirements if the displacement of its 
matically to restrit flow and ntain constant delivery high pressure end is slightly greater than the total volume 
outlet port. Ex Huid ls through drain port to required on the power stroke of the working cylinders 
reservoir. If line pre re falls, valve opens wide to hold _ It ts a simple unit and is used extensively 
186 Propuct ENGINEERING — JANuaRy, 1952 I 
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Power unit Low £ e pump 
this ? Pressure reducing valve circuit. Pump pressure 3 Two pump circuit Actually 
sifier * is available for the operation of cylinder B while ® systems in this machine, having 
sure a reduced pressure is fed to cylinder A on the out- of each pump is set independently by means 
irec- stroke portion of the cycle. The pistons of both cylin Separate pumps require separate sup 


ders are retracted under full pressure 


DUST = TET 


> IS DUAL-PUMP SUPPLY. §S pa high press i 
low pressure pumps are generally d when large volumes 
Mca f both high and low pressure oil are required. The pumps 
nder Saal ae \ 
, y be separate un yr designed 00 ommon body 
Cl- order to conserve s Which of sc ypes is used 
rsely nmaterial insofar s hydrauli op g feature ] 
mot acteristics are con 1 
and Relief valves a reducing val 
unit hat they limi ; pressure that cat 
t to lied to the un | h press goes higher, the va 
ped pens and by passes the oil back to th nk or reservo 
»€ R ef valves Cause hea {’ Tt h oil Whenever oil 
t to ws through a valve or orifice from a region of high 
“oke P yd ea cage fae 
SUFeS TO One OF 1OW press ¢C tn iS a 1Oss OT Nyaraulk 
; rey, the loss being converted to heat. The amount of 
heir rey converted to heat is proportioned to th pressur 
in- rop times the volume of oil. The temperature rise of the 
“on neglecting the heat losses to the surroundings, w 
ing roportional to the pressure drop 
: * A frequent error in hydraulic thinking is to conf 
the ssure control and volume control. For example, a throt 
1 of ling orifice is volume control rather than pressure control 


r of If 


" ; 
the flow on the low pressure side of the orifice ceases, tl 


ssure almost immediately builds up to the pressure « 
fea he high pressure side of the orifice. On the other hand 


ES sure reduc ing valves do not d pend on rat of flow 
Ime the pre r red - Once s » old a 
ers re they maintat tn sal a) | it ] Il low o 


ro flow 
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ome LOW Pressure 


Since the press ram remains in 


4 Relief valve circuit. 


® the elevated position for long intervals of time, low 
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pressure relief valve is incorporated in the “retract’’ cir- 
cuit. Thus, pump does not have to labor against high 


pressure during the dwell periods. 
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5 Cam-operated relief vaive circuit. Pressure in the 


® hydraulic line is determined by setting of the relief valve 


The stem of the valve carries a roller which is in contact wit! 


a pneumatically actuated cam. When the cam is at its outermos 
position, line pressure is a maximum 
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REDUCING VALVE CIRCUIT. The system in Fig. 2 
illustrates the use of a pressure reducing valve to provide 
two operating pressures from one pumping unit High 
pressure is required for the out-stroke of one hydraulic 
ylinder and the outstroke of the se 
The power furnished with an adjustable 


low pressure ror 
ond 
relief 

In this installation, a four-way master control 
in the outlet line from the power unit. The master valve 


is of the open center type so that in the neutral position oil 


unit 1S 
| 

Valve 

valve is 


from the power unit is dumped back to sump at atmospheric 
pressure 
When the operator shifts the master valve handle to 


blind end of 
pressure reducing valve to the 
Cylinder B operates under full 
the relief The 
of this cylinder is regulated by the 


position No. 2, oil flows directly to the 
cylinder B and through the 
ylinder A 


determined by 


blind end of 


ments rte re valve 
} 1M} pr ssure a i} 


speed of 


I 


the piston 


flow control valve The piston of cylinder A extends 
inder the hydraulic pressure established by the setting up 
of the pressure re lucing valve. For return of both pistons 
the master valve is shifted to position No. 1. Full pump 
pressure is admitted to th iston ends of the cylinders for 
I upid return ope ratior 
TWO PUMP CIRCUIT. The two different operating 
pressures required in the hydraulic circuit, Fig. 3, are 
ipplied by se parate pumps. A louble end electric motor 


lrives the high pressure and low pressure hy lraulic pumps 





The pressure output of each pump is adjusted by m« 
a relief valve 

Action of the forming cylinder is controlled by a four 
way master valve. When the operator puts the handle of 
valve A in the No. 2 position, oil from the high pressure 
pump is admitted to the blind ends of the clamping cylin 
ders. When the work has been valve B is 
shifted to position No. 2 so that low pressure oil powers 
the forming operation. All pistons are returned when the 
master valves are shifted to the No. 1 positions 


secure d, 


RELIEF VALVE CIRCUIT. This system, Fig. 4, makes 
use of two pressure relief valves to give two distinct work 
ing pressures in the same circuit. This circuit performs 
satisfactorily in a hydraulic press application where hig! 
pressure is needed for the down stroke of the ram, whilk 
a lower pressure will suffice for the upstroke. Often ir 
such presses, the standby period, during which the ran 
is in the elevated position, is much longer than the actua 
If high pressure were used to elevat 
the die, the pump would be laboring against this pressur 
onsiderable lengths of time. The oil would tend t 
overheat, causing packing failures, excessive leakage and 
breakdown of the oil. Thus, a low pressure relief valve 
in the elevating circuit is an advantageous choice just 
the standpoint of maintenance 

As an alternative a three position, open center master 
valve might be selected to vent the pump during standby 
But if the I ram t 


pressing interval 


ror 


from 


lie is heavy, the weight may cause the 
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al cia 6 Accumulator and pressure relief valve circuit. The accumu 7 Iwo pressures, two tlow rates € SVste \ 
« c 

re wis ® lator acts as a storage tank for oil under pressure, per ® cycle, oil from both pumps moves the pis 

ac 
mitting intermittent pump operation. Pressure to test pieces of work. Then, as the pressure builds up, the low pressure 

urermos ! i | 
cylinders are determined by setting of the pressure relief valves is vented automatically and the pressure from the | 
Limit switch on accumulator ram controls pump motor pump butlds up to the full relief valve set 


in: TITLE LLL TULL TH 


ans O : 
drift downward. In addition, the third valve positios im on the | ra \ i 
. four would compli ate the control ot the machine for ¢ oO 
dle of perator. In the circuit shown, a two position, four-way th im Opera f t 
ressure master valve is employed. The low pressure relief valve is for remote operation and fles H 
cvlin so there ts just enough pressure to keep the ram and dic oO remote cylinder I Kept she 
B is in the raised position during the dwell period. Since th For operatio 
owers pressure drop through the relief valve is thereby kept at sing oil to flow from the pow 
en th a minimum, heating of the oil is proportionately low ef valve to t lind 1 « 
Referring to Fig. 4, when the master valve is shifted lhe low pressure oil starts th oke. W 
to position No. 1, oil flows from the power unit throug! ram encounters tl work 
makes the high pressure relief valve to the blind end of tl idle of the four-way 
work pressing cylinder. Ram and die are forced against t ton rod of 
‘forms work, For elevation of the ram, the master valve is pla im on this rod 
. high n the No. position, allowing oil to tlow to the pisto ses the press 
whl end of the cylinder through the low pressure relict ydraul ylinder 
‘en it The cam cat Stop] ] ] ‘ 
» ram CAM OPERATED RELIEF VALVE. The system of ng the handle of the ait t \ 
actual Fig. 5 uses a cam-operated relief valve to provide con © operation 
Rowes tinuously adjustable pressure in one line. The setting of ve and 


the relief valve is changed by means of an airdraulic cy] 





essur : ) 
nd te inder, which is an air powered cylinder with a closed 
» onl ircuit hydraulic dashpot for accurate positioning. Th ACCUMULATOR CIRCUIT. 1 
valve piston rod of the airdraulic cylinder carries a cam, which eight mulator 1 
fron engages a roller on the relief valve stem. When this cam give severai press 

is at its outermost position, pressure in the line is at a ucts as storage tank for x 
naster maximum ram of the a mulator d t ™ ‘ 

While in this application the relief valve is pne il conta mad £ 


ndby 
um t 





matically set, other means of actuation are often u 
For example, the valve can be adjusted mechanically by f its strok At 
1952 
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8 Electrically controlled system. High and low pressures are 
. pumps. The 


switches and timing relays control the changes-over from low 


supplied to system by separate pressure 


to high pressure during each operating cycle. A pressure of 500 


PECERUEEREELELELTEEREL 


psi is required to advance the piston, while the pressure n 
In 


unit 


for the molding operation is 2,000 psi approximately 
smaller 
often more easily installed and serviced than a single large | 


multiple circuit systems like this one, two 





TUTTE Lit Ye 
ade and pow init is shut off. On this type of circuit, having a drive motor of omparatively low ing. Hea 
the power unit operates intermittently ing of oil is also less than would occur with a single hig 
In the system depicted in Fig. 6, four cylinders are to pressure pump. 
ted at four different pressures. The operator starts When the operator shifts the handle of the mast 
the power unit, filling the accumulator. The check valve control valve to the No. 2 position, oil flows from th 
prevents the accumulator from draining through the pump __ low pressure pump through the unloading and check valve 
vhen the power unit is idle. A control valve is installed to the cylinders. At the same time, the high pressure pumy 
n each of the hydraulic lines leading to the four cyl also supplies oil to the cylinders. When the pistons en 
inders. These vals ire of the three-way type, with inlets ounter the work, pressure in the high pressure low volun 
locked in the No. 1 position pump begins to build up to the lief Ive setting. Th 
The test pressures d la et by the four reducing check valve prevents the high pressure oil from flowing 
lve Ihe cylind put under pressure when the to the low pressure pump 
operator shifts the thr way valves to their No posi The unloading valve ts a hydraulically oper 1, thre 
ion The pres or cylinders can be checked on way valve. When the line pressure rises to 1 certain point 
ind vidual pape At the et | ot the test, the handles o! this valve 1S shifted automatically venting the low pres 
he control lves a returned to the No. 1 positions sure pump. In effect, the low press pump is a boost 
locking the inlets and relieving pressure on the cylinders. unit that supplies large volumes of oil to take up the 
space created by moving piston. The more expensive hig] 
rWO PRESSURES, TWO FLOW RATES. This cir pressure pump need not supply oil for the entir opera 
iit makes use of a high pressur low volume pan ation 
low pressure—high volume pump, a relief valve and an 
inloading valve to provide an automatic change of hy TWO PUMPS, ELECTRICAL CONTROL. In Fig. & 
lraulic pressure in a system. Such a circuit is used to is shown a schematic drawing of the arrangement of a bar 
idvantage on pres where a large volume of oil at low of hydraulic cylinders in a molding machine. A pressut 
pressure is needed to move the ram against the work of 500 psi is used to advance the pistons, while the pres 
After positioning of the ram, the pressing operation calls sure required for the molding operation is 2,000 psi, ap 
for a higher pre re, but at a considerably reduced rate proximately These pressures are supplied by separat 
of flow. With the arrangement shown in Fig. 7, fast pumps, driven by a common electric motor. The admis 
ipproach speeds in be obtained from a power unit on of the two pressures to the cylinders is controlled 
190 Propuct ENGINEERIN( January, 1952 
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“== pressure | ey Si | tae, Ree Re Ra Ries. Kee, Bas 
*** onted ne ui) u L Ui1Uyt 
A ee aw on oe ae ee oe oe ee 
bes » ——Power unit L a 
ure me Two pumps, manual control. Individual pumps 10 Air-operated hydraulic intensifier. At the stage in 1 cle wi 
y. In la * supply the high and low pressures required to ® above, the build up of air pressure has opened the pressure opera 
r unit operate the piston of a press. Two four-way valves in air valve and shifted the air operated hydraulic valve. The tensifie 
arge | series control the movement of the piston and the begins to raise the pressure on the forming cylinders. One use for such a 
pressure on the cylinder. system 1s ima plant equipped with a central air sysu 
Hitt | TTT ELLE EEE EEE TH 
Heat electrically. Operation of each of the four systems is the handle of the lower valv Ni 
hig identical. the lower press pa 
When a start button is depressed momentarily, coil A to act on the pistor Che pist retracted under low 
naste of the corresponding four way, solenoid operated valve pressure when |x ly a ee \ 
n th is energized. Action of this valve causes the four way position. Fundamentally 
valve pilot operated valve to be shifted hydraulically, admitting oil should be sup; 1 at low 
pum} low pressure oil to the blind end of the cylinder. When 
Ss en the piston is fully advanced, the pressure builds up suf AIR-OPERATED HYDRAULIC INTENSIFIER. 1 
olum ficiently for the pressure switch to close. This energizes circuit in Fig. 10 makes f air to supply oi 
Ch the timing relay and coil B of the two way, solenoid different pressures to a bank 
wins operated valve. Action of this valve admits oil at 2,00 ; the control med | 
| psi to the cylinder for the molding process At the start of t O} 
thre After pre-set time period has elapsed, the timing relay s shifted, allowing air to flow \ 
point contacts close the circuit to coil B of valve No. 1. The pressure for thro 
pres valve reverses, as does valve No. 2 and oil is admitted valve, through the lower end of hes ‘ 
oste to the piston end of the cylinder. The instantaneous pres- to the bank of formir ylit x 
D the sure drop in the line allows the pressure switch to open these cylinders 
hig! Then, the two-way valve cuts oft the high pressure and ip in the line uusing the | 
pera the pistons retract under 500 psi oil. With electrical con to open. Ther f 
trol, flexibilty of operation is high and to the pilot contr 


valve. Action of 


ig. § TWO PUMPS, MANUAL CONTROL. This system and the intensifier “At 


bank Fig 7, employs a power unit with two pumps, one for the intensifier piston d 

SSUI high pressure and one for low pressure. Control is by acting on the bank of cylit 

pres means of two four way, hand operated master valves After the operation 

|, ap- With the handles of the lower valve in position No. 1 ir control valve is shifted a 

aral the upper valve is shifted to position No. 2, directing low end of the intensifier and to t ver kT 

imis pressure oil to the closed end of the cylinder. The piston fier piston returns to its or 

olled moves out to contact the work. Then, the operator moves pistons are withdrawn 
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deal 


PEACEFUL USES OF ATOMIC ENERGY will be extended 


by expermments in this nuclear laboratory 


Low Cost Nuclear Reactor Designed 
To Study Non-Military Atom Uses 


A LOW POWER, LOW COST NUCLEAR 
REACTOR has been designed by North 
American Aviation for the Atomic En 
ergy Commission. The reactor is a re 


irch tool which will be used to ex- 
tend the non-military uses of the atom 
A single uranium fuel charge will op 
erate it at a power level of 160 kilo 
watts eight hours a day, five days 
week, for 10 years, thus eliminating 


he need for frequent lispo il of radio 
tive residut 

Design of the reactor is such that it 
iS IM} ossible for it to ‘run away ; that 
is for its power to rise dangerously 


t 
1AS( 


so that it would destroy itself 
Automatic devices trip safety rods and 
shut down the reactor should the 
power begin to rise rapidly. In addi 
tion, it has a negative temperature co 
efficient of reactivity. As the tempera 
ture inside the reactor rises, neutron 
production decreases 

There are, in general, two types of 
experiments possible with the reactor 


~ 


192 


the “in pile” type which uses the neu 
tron flow inside the reactor, and the 
type in which a neutron beam is led 
through a port in the shield and used 
to irradiate objects outside the rea 

tor 

In addition to experimental work 
and production of “tagged atoms” for 
industrial and university research, the 
reactor can be used for experiments 
on reactor development, and for train 
ing of scientific and engineering pet 
sonnel in operation and use of a r 
actor. 

Physically the reactor is octagonal 
in shape. It stands 11 feet high, is 1‘ 
feet wide and weighs approximately 
150 tons. Its core consists of graphite 
and enriched uranium sealed in an 
aluminum tank. This is surrounded by 
reflector graphite. On top and bottom 
of the reflector and on the side of six 
of the eight surfaces of the octagon 
are several feet of concrete to shield 
Operating personnel from radiation 


TECHNICAL NEWS 


pictures the laboratory in operation, \ single uranium fuel 
Artists conception charze will operate 
| 


the unit for 10 years without refueling 


i enector grapni S mntinue ¢ 
yond a bismuth shield which sto} 
im i Trays no rons, to ! 
other two reactor fa A removable 
idmium and lead shield at these latter 
ces provide i O ther nal or 
slow’ neutrons diffusing through the 

’ : 
graphite This arrangeme s called 
i hermal column The shield a the 
ip ol he core is also able, so 
l the ore may C O ind 
placed with the aid of an overh 
ine 
il reacto op ) Sa i 0 
sole desk in the control room overlook 
g the main floor. From this poin 
he may observe the experiments in 
progress. He can hold the reactor 


power within design limits by chang 
ing the setting of the neutron ab 
sorbing control rods of cadmium 
which can be moved in and out of 
th core 


Because the power produced by a 
} 


hain reaction in an atomic furnace ap 
pears as heat in the fuel and its sur 
yuNdings, it is necessary that the re 
ictor be cooled. This is omplish 1 
passing heavy water through a 
losed cooling circuit, along which t 


at is removed 
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Dilastrain Method Speeds Research 


By Cutting Endurance Limit Test Time 
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SHARP DIP in this curve 
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he apparat 
expansion to 
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ents against t 
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mine just wl 
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( 1 inch k Th 
I i machined down 
imeter OF about twi nths of 
nd th the irs, eight in 
re stressed in a definite rang 
This range is determined 
finding the yield point or ela 
of the mater il It th yic 
yf i me il I ) CX np 
) lds px squat! h the 
ire st 1 tro ( 
square inch down t 
ounds pe juare inch 
| 
po id intervals. All eigh 
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central 
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107 TOWERS and stations like this speed television broadcasts 
across the country, 3000 mile journey requires 1/50 second. 





Tower Network Speeds TV From Coast 


HEART OF THE NEW COAST-TO-COAST 
rELEVISION SYSTEM built by the Bell 
Pele | hone system 1s the longe st chain 
f radio-re lay stations in the world. A 
tring of 107 towers are spread over 
he 3,000 mile route at intervals of 
bout 28 mil 


onvert¢ d 
which are shot 


! 


Television programs are 
nto micro-waves 


hrough Pace to the next tower ilong 


ne re e by highly dir nal horn 
haped antenna [his antenna con 
t : uniqu t which concen 
i th idio energy if narrow 


beam. Composed of strips of metal 
imbedded in a special pattern in blocks 
of plastic foam—these lens are placed 
in front of the one-ton antenna. Be 
cause of the efficiency of the lens, less 
than one watt of electricity is required 
to bridge the gap between towers. At 
the neighboring station, the micro- 
wave beam is captured by another lens- 
type antenna, amplified and relayed 
onw ird 

The network is capable of transmit- 
ting six channels at one time. These 
hannels are separated at each station 


HORN SHAPED ANTENNA contains a unique lens for focus- 


ing microwaves, just as an optical lens focuses light waves. 


to Coast 


by a filtering system. The microwaves 
are carried from the antenna by hol- 
low rectangular pipes called wave 
Inside the guides are assem- 
blies of metal rods and disks which do 
the actual filtering. As the six incom- 
ing channels pass through the wave 
guide, the first filter directs one chan- 
nel into an amplifier and allows the re- 
maining five channels to pass. The 
second filter directs a second channel 
and so on until each channel has been 
routed to an arfnplifier. The system will 
ilso carry telephone calls 


guides 





Permanent Scientific Teams 
for Foreign Countries 


\ prow { ) ng scentin ind 
| | | + A } f 
NNO LPical natters to pear on [or 

ign policy has been set up in the State 


1) partment High-ranking scientists 
have been assigned in the Washington 
Office of the Department and at key 
foreign posts to carry out this program 

An important of this 
program consists of reporting on scien 


haracteristi 


tific and technological devel ypments 
al road. h reporting to arise trom 
our scientists m ting foreign scaen 

engineers and ft irch men and 


hanging un lassified information 


The proposal for such a program 


194 


was outlined in a report, “Science and 
Foreign Relations’, prepared last year 
by Dr. Lloyd V. Berkner, former scien 
tist on the staff of the Carnegie Insti 
tution of Washington and now Pres 
ident of the Associated Universities, 
In 

The Berkner report pointed out that 
the Department must be responsive 
to the general requirements of private 
is well as government agencies” in 
the matter of the collection abroad of 
scientific and technological informa 
tion. It went on to observe that there 
is already an enormous international 
flow of , such information but that 


there are serious gaps and irregulari 
ties in this flow, and it is to the re 


moval of these deficiencies that the 
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efforts of the Department should be 
directed 

The report stated that there is a 
three to five year lag in the flow of 
information to this country from some 
science areas. This is mainly because 
publication of research results takes 
time. This gap, will be closed by cur- 
rent reports on scientific and technolog- 
ical developments in foreign countries. 

As to dissemination of scientific and 
technical information in this country, 
the Berkner report felt that the mech- 
anisms were not satisfactory. The re- 
port observed that the State Depart- 
ment does not bear responsibilities for 
dissemination of scientific information 
beyond the Government, but it went 
on to suggest that “it is in the United 
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interest that such information 
iced in the hands of the 
nost expeditious 
s." Toward this end, the report 
nued, the Department ‘should 
borate closely with the efforts of 
National Research Council and 
national libraries in the develop 

dissemination of for 
information 


user Dy 


and effective 


for public 

scientin 
lhe Department has begun to staff 
science scientists 
staffs rank as at 
with diplomatic status, and are 
pointed as officers in the Foreign 
rvice Reserve 
. fifteen months to three years 


overseas oimces 


overseas science 


for periods ranging 


(,lass Paper Solves Filter 


and Electrical Problems 

PER COMPOSED entirely of glass 
s, with no additive, has been made 
the first time at the National Bu 
of Standards in cooperation with 
Naval Research Laboratory. The 
commercially available 


vy material, 
lass fibers, was mixed with water 


{ formed into continuous sheets on 
semi-commercial papermaking ma 
ne in the NBS experimental paper 
|. Glass paper was considered an 
ossibility until 


r l-class paper 


t4ii-f 1 } 


now 
1 ' 
lds ‘S 





po Applicat \ i 
paper, it 1s many times more effective 
than present commer filters It 
seems particularly va le for 1S 
masks and respirators us¢ y firefig 

ers, industrial and medical work 

and military personnel. In gas-mash 
tests in a smoke-filled room, only or 
smoke particle in 100,000 pass 


through the glass paper filter 
Until now, many air filters have r 


lied considerably on imported 


terials Glass. however. can be pro 

duced from raw materials found abun 

dantly in the United States 

Another important advantage of th NON-METAL MOTOR 

all-glass paper 1s its high resistance to and size with plastic stru 

effects of heat, moisture, chemicals and 

micro-organisms. It has excellent ele 

trical characteristi and should | 

valuable as an insulator and dielectt oo : 

it can be used to make oil-impregnate I ‘ 

paper capacitors capable of operation ages ‘ 

even at temperatures above 200 ¢ ; — a 
Cay 1S 1d 

First Plastic Molded Motor housing, » 
nold i n 

A MoToR, utilizing a plastic as its ng and ho f 

sole structural material has been mold has a ed Ww 

ed by Rexford Plastics for the El Ray — shaft re | 


Motor Company. Metal is used only in molde 


the electrical and magnetic circuits, in ously 
the shaft and for all assembly screws raf 
The 1/100 hp, 1 10 rpm, 28 volt d pot 











Chry 


EXPERIMENTAL K-310 SPORTS SEDAN 
vas styled by Chrysler Corporation en 
gineers in the United States and built 
Turin, Italy, by Carrozzeria Ghia, a 
ling Italian body maker. Built as 
nental companion to Chryslet 
K-35] ngine developing 310 horse 
wer ON premium gasoline, the K-310 
f represents an American engineering 


¢ 
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sler K-310 Experimental Dream Ca 


idea of the sports car. Characteristically 
continental in design, it has low sweep 


ing lines, a low flat hood and large 

wire wheels nt 
Only 50 inches high and with f 

head room, the sports Car 1s built o () 

a 1254 inch wheelbase and is 


inches in overall length. Its features 1 


lude adjustable steering wheel, eleva 
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JET TRAINERS, used to teach mod- 
Air Force and Navy pilots as well as 


RIVER OF TWO-PLACEI 
ern techniques to U. § 

airmen of several foreign countries, winds through trainer final 
assembly building at Lockheed Aircraft Corporation. Jet trainers 


ordered by U. S. services have been in production more than 


TORCHES slash into outmoded machinery in former 
Corporation's Main Plant in 
S. defense supplies of scrap metal 


BLAZING 


powerhouse or Dodge 


Chrysler 
Detroit to bolster vital [ 
The 4i-year-old landmark, now replaced by newer powerhouse 
with larger capacity, will add more than 1,600,000 pounds of 
n and steel to scrap bins when completely dismantled. 


LYO 


Hs 


They are going abroad to France, Greece, Canada 
Produc 


three years 
Turkey, Portugal and other areas yet to be announced 
transforn 


tion figures on the T-33's are a military secret as they 


fledgling airmen into jet pilots trained to the highspeed tempo 
of modern warfare 





SEATED IN A CHAIR a dozen feet away, an operator manipu 


lates a set of mechanical hands which are applying lipstick to 
the lips of the girl at the extreme right 
mechanical hands enable workers on atomic energy projects at 
Oak Ridge, to handle radioisotopes at a safe distance. The 
device is part of a traveling exhibit from an Oak Ridge Museum. 


In normal use, these 
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rWO STORY CONCRETE STRUCTURE being added to the 
Harbor Island Station of International Nickel Company's Kure 
Beach Project will house machine and carpenter shops, a marine 
museum, and a meeting room. A full size boiler plant, salt 
water evaporator and distillation unit will be installed in the 


WET BLASTING EQUIPMENT used by Pratt and Whitney to 
remove hard, tough coatings of lead sulphate and lead oxide 
formed on experimental jet engine parts. This coating formed 
at extremely high temperatures must be completely removed 
prior to the parts inspection under “black light.” The unit was 
designed and custom-built by the Cro-Plate Company. 


* 
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present laboratory to study the effects of water treatment at 
/ 


{ts as used aboar 


design on corrosion and scaling of sucl 


ships. In the 16 years of its existence, the Harbor Island projec 


has tested more than 20,00 specimens in sea water 


atmosphere, and a somewhat smaller number sea spr 


FIRST RUBBER TANK TRACKS are 1 ng off the produc 
tion lines at the B. F. Goodrich Company's new track divis 

First shipment of tracks for the M-24 light tank have been sent 
to the ordnance de pot for overseas destinatior Patton, Sherman 
and Pershing tanks and high speed car carriers at gun 


motor carriages, will also get rubber tracks in the 
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DRILLING APPARATUS CLOSE UP shows electrode (in SMOKE FROM HEATED COOLING FLUID curls upwar 
work) vibrating apparatus and pivot bar. Tube connected to during actual drilling operation even though drilling speed 
electrode carries cooling fluid into work piece. Electrode shaped are slow—in the neighborhood of three-quarters of an_ incl 
to the desired radius rotates in the plane of the pivot bar. per houw. Spring reduces force electrode exerts on work piece ( 


New Drilling Technique Produces Curved Holes 


A TECHNIQUE FOR DRILLING HOLES downward position allowing the as- motor with a cam to actuate a micr 
of any shape along a circular path has sembly to move downward and making — switch 
been developed by George A. Kemeny contact again. Drilling speed is slow with an aver 
at the Research Laboratories of the During the drilling operation, the age rate of j inch per hour. The shap 
Westinghouse Electric Corporation. amplitude of vibration and force avail of the hole depends on th shape of 
[his electric arc method was developed able for breaking contact is varied to the electrode. Different shapes can 
in order to place thermocouple junc- suit the particular operation by chang- obtained by substituting the desire 
tions inside a casting at a location in ing the voltage impressed on the coil me. ty electrode for the circular ele 
uccessible by a single straight hole. On occasion, the electrode spot welds trode. Inspection of completed hol 
A disintegrating machine, the itself to the work piece, and this revealed that the hole size varied fron 
Thomas Metal Master, equipped with method is used to increase the separa about 0.093 in. near the entrance ti 
a specialiy adopted drilling rig sup tion force and set the electrode free 0.078 near the end. This tapering 
plied the electrical circuit and the cool [he frequency of vibration is con- apparently unavoidable in any hok 


ing fluid. The metal master drills trolled by a geared variable speed drilled by the disintegration method 
straight holes with an electric arc and 


bsequent quenching of the mol 


ten metal by a cooling fluid passed 


the su 


through the center of the hole drilling 
electrode. The arc at the electrode tip 
i produced by vibrating the electrode. 

In order to drill holes with a curved 
path, the electrode is shaped to the 
radius desired. Then a fixture to hold 
the electrode was designed so that the 
electrode vibrated along the path of its 
ur 





The vibrating mechanism consisted 


. ae A 
of a coil and a brass tube with a steel 28 24 "3 

anvil that slides easily placed inside the BA Ve 
anvil. When the coil is momentaril) 8 16 24 32 40 AB SF 


energized the invil is accelerated 

towards the top end of the brass tul bale! tated Atetetotetel AAA 
Gate tg Lottstaetaltadalielestitlat tata 

and strikes this end with sufficient teil mo hd batt thE TD 


force to move the entire assembly 


mounted on the pivot Dar, a sufhcent CURVED HOLE is seen in detail by milling one side of the work piece. Hole size de- 
distance to break contact at the ele creases as drilling continues deeper—a phenomenon unavoidable in any hole drilled 


trode. The anvil then returns to it by this method 
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Ceramic Coatings Reach 
Volume Reduction Stage 


YNE OF THE FIRST VOLUME ORDERS 
or eramk coated metal parts that 
ist withstand high operating tem 
peratures has been obtained by Ryan 
Aeronautical Company. Ryan will pro 
luce approximately 600 exhaust sys 
tems for Pratt & Whitney Aircraft 
ngines which will be used on Convair 
Models 240 and 340 transports 
The U.S. Bureau of Standards for 
several years has been trying to find 

a satisfactory frit for high temperature 

application and tested about 600 dur 
ing this research. About two years ago 

it came up with a Bureau of Standards 
formula No. A-417 for high tempera 
ture application. This A-417 formula 
is available to anyone. Ryan's slip 

(Ryan’s No. 331) is made from the 

formula. Raw material in frit 331:38 

parts by weight flint or silicon dioxide 

56.53 parts by weight barium carbo 

nated 11.5 boric acid. 7.14 calcium 

carbonate 2.5 beryllium oxide, 5.0 zin 
oxide, for total 120.77 parts. This 
frit is then melted, shattered, ground 
to powder, and this formula used for 
making one gallon of slip: 700 grams 
of water. The whole is milled to fine 
consistency, screened and dipped on 

In 1943 Ryan did considerable re 

search in ceramics coating of mild 

steei for use in airplane exhaust sys 

tems. Out of that came World War 

II production of 500 exhaust systems 
for A-26 Douglas planes. At that time 

the goal was to substitute mild steel 

for stainless steel which then was in 
short supply. This was adequate on 
engines of 1,000 to 1,500 hp. Now 
however, with engines in excess of 

3,000 hp it became necessary to process 

stainless steel to withstand the high 

temperature. The California Enamel- 
ing Co. of Los Angeles fires the 
for Ryan at present 
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NBS Develops Tape 
“Memory” For Computor 


MAGNETIC TAPE, used as a recording 
medium, extends the problem-solv 
ing capacity of SEAC, the National 
Bureau of Standards Eastern Automatic 
computor by supplying a computor- 
controlled external auxiliary “‘mem- 
ory’. The new magnetic tape memory 
unit combines high speed starting, 
stopping, and reversing with notable 
mechanical simplicity. Two of the units 
are now in routine operation with 
SEAC, and plans call for adding two 
more. 

In the new system, the magneti: 
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ape 
eTs 
} 

Wo ‘ 
may d } 

nd ¢€ f Wher ( \ 
trol solenoids is energized. a “ 
tia rubber-covered roller pres 
tape against one of the smooth ro 
This qui kly starts the tape mov 
the desired direction Tape ’ 
kept low by letting each end fall 
loose folds into a tank or bin I 
tank consists of two plates of g 
spaced a little more than the 
the tape 

7 he Sp ed in 1 SIT p! ity ol 
NBS system result from the success 
elimination of reels and servomect 
nisms. Only two small masses need 
be accelerated in starting the tape, tl 
small jam roller and a few 
hanging into the tank 

Several problems had to be sols 
to develop the tape memory ne 
nism. The tape tends to acq 
electrostatic harge as if IS passing 
through the drive mechanism at | 
spec 1s 

The charge caus u O 
to the walls of the k as soo S 
leaves the dr mechanisr If tl 
charge is strong enough, the ta 
ontinue to stick at the top of th k 
ntil it backs up into the hanist 
and is damaged by a sl f¢ The 
present solution—-satisfactory | 
ate speeds (up to 8 It per sec) S 
ionize the air where th tape 
the drive unit, using strips of alj 
emitting polonium. The ideal 
would probably be to make the 
base material sufficiently cond 
that a charge could not coll Ex] 
ment indi ates that base mat rial hav 
ing a resistance of not more tl 


few megohms } 


ve Satisfactory 


A second limitation on the oy 





the need to eras intormafior 

tape. The necessary erase frequet 
reases as the tape spec 1 increas 
tape speed of 16 feet per second 
instance, requires an erase treq 
of several hundred kilocycles. Be 


of hysteresis losses, ordinary tape head 


cannot operate at such high ff 
cies. New heads with powdered 
magnetic circuits, now be level 
for use at much higher fre 


should solve this problem Me 


while, it is always possibl oO 

tape In a separate operation 

than the normal running speed 
Flaws in the magnetic coating 

commercially available tape impo 

third limitation. Und« 

nary audio work, they can r 


curacy by missing a pulse 
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the truth about 
Dow Corning 
Silicones... 
































yeneroati ag For example DOW CORNING. SILICONE EXPOSITION 
" 10W scheduled for in 
© Silicone (Class H) electrical insulation makes motors ~— ° CLEVELAND ° 
and other kinds of electrical equipment last 10 times \ \f e DETROIT . 
: i\,\\ ag ° PHILADELPHIA ° 
as long as they ever did before. | ae ( a NEW YORK ¥ | 
. | 
® These same insulating materials are used to ° ne ell ° | 
. . . } r S ¢ mn 
double the power per pound ratio in electric machines. a CHICAGO. : 
. , . WICHITA ° 
@ Silastic,* the Dow Corning silicone rubber is used to seal | : FORT WORTH € 
hot air at 600°F., hot oil at 350-400°F., limit switches and . LOS ANGELES ° 
bomb bay doors at — 100°F. : . # t to k ’ 
= , 3 . . a t ° } 
® Dow Corning Silicone oils and greases | ! " ° ' 
make permanent lubrication a practical reality. \ ° ‘ 
enaineer ind exe tive ‘ 1 ne fact . e 
. : . 
} } if . t What's a ° 
r ] ¢ pounds of . Silicone?” Adcdress De - 
Stine to . partment R-13 ad 
“i ad ° 
, G an . DOW CORNING . 
the Tt > the first nprenensive ° CORPORATION . 
j p d Midland, Michigan ° 
ATLANTA Ss 
j hye siver . 
‘ ‘ ‘ “4 : CHICAGO eeeeneoeoeeevee eee 
private oil seles 
mae «60 W CORNING 
DALLAS P : 






Seem SILICONES 
DOW CORNING CORPORATION 


NEW YORK 


MIDLAND, MICHIGAN 


WASHINGTON, D. C 






In CANADA: Fiberglas Canada, Ltd., Toronto @ In GREAT BRITAIN: Midland Silicones, Ltd., London 
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Design Charts for a Five-Bar Linkage 
D. C. TAO and A. S. HALL, Purdue University 


Purpose of these charts, as well as the details of construction, and 


an example of their application is given on page 175 of this issue. 
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Youre 
always 


with AUTO-LITE 2 


Die Casting 
, 


rrr 


HH . 
i -_ 


@ Many of America’s leading manufacturers, 
producing a wide variety of products, are 
benefiting from Auto-Lite die cast research, 
experience and advancement. Such devel- 
opments as high pressure casting, special 
alloying practices and improved quality 
through the ‘‘controlled metals process’’ 
make Auto-Lite the logical source of supply 
for precision die castings. Address 
inquiries to 
THE ELECTRIC AUTO-LITE COMPANY 

Die Casting Division 

Woodstock, Illinois 

Lockland Division, Cincinnati 15, Ohio 
723 New Center Bldg 


Detroit 2, Michigan 
Monday CBS Television Tues 





DIE CASTINGS @® WIRE & CABLE e 
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Design Charts for a Five-Bar Linkage (continued) 





(continued on pg. 20 
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you are starting [rom scratch... 


Are you ready to put a new or redesigned product on the drawing board — perhaps 
with the idea that you will start production when materials are more plentiful? 
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When you decide it's ‘time to design,'’ our ex- 
periencec engineers would like to demonstrate 
the advantages of modern sheet steels. You'll 
find them different — much different than those 
available to manufacturers a decade ago. 


Steels are different 


YOUR needs come first 
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Because Armco produces special-purpose sheet 
steels, our research men and mill technicians 
are alert to the needs of fabricators for better- 
looking and longer-lasting products. 













wide variety of steels 





This has resulted in a new ‘wardrobe of coat- 
ings for many Armco sheet steels. Sheets coated 
with aluminum, special zinc coatings and spe- 
cial Bonderized surface treatments are a few. 

Besides coated steels, solid Armco Stainless 
Steels are produced in a wide variety of grades 
and forms. Armco Enameling Iron is another. 








These special steels and durable stainless steels 
help underscore the advantages of sheet steels 
—their strength, resistance to impact, shock, 
abrasion and corrosion, and heat resistance. 

For data on Armco Special-Purpose Sheet 
Steels, see our insert in Sweet's Catalog for 
Product Designers. Or write us for a copy. 
















1122 Curtis Street, Middletown, Ohio © Plants and sales offices from coast to coast 


ARMCO STEEL CORPORATION vaneD 


Export: The Armco International Corporation 
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Design Charts for a Five-Bar Linkage (continued) 
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Hydraulic Power Unit 
Ina Package 


A compact high pressure triplex pump has recently been 
introduced for use as a heavy-duty packaged hydraulic 
power generator for all types of hydraulic power systems 
The unit is available in 15 hp, 30 hp, and 50 hp sizes with 
pressure ratings up to 5,000 psi and displacement ratings 
ip to 60 gpm. Special 10,000 psi and 20,000 psi heads 
ire available 

The triplex is a three cylinder, vertical type, single act 
ing reciprocating pump which operates much the same as 
in automotive type engine, except that the pistons are 
intaking and discharging fluid with the power supplied 
by a prime mover through the triplex crankshaft. In one 

volution of the pump, each the three pistons will 
intake and displace fluid from its cylinder. The amount 
of fluid displaced in one revolution depends on the size 
of the displacement plungers 


ot 


lo permit a wide selection range of output volumes and 
the rated hp output of the 
triplexes, several different sizes of removable displacement 
funygers and liners a The 
the same overall diameter but contain various 
ized displacement plungers 
to the ire-volume Output relationship. 
Decreasing the plunger size raises the maximum all 

output pressure, and lowers the maximum allowable output 
volume Sec chart for specifi ations 
triplex pump include integral 
of The unit can 
with an integral, drip-proof electric motor drive 
which simplifies installation of this pump. Plungers and 


Operating pressures within 


| re provided for each size pump 
liners have 
With this arrangement it is 


possible Vary TESS 
I 


owable 


. 
operating below 


the gears, 


in a wide variety ratios be 


tained 
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motive 
end of the shaft, returns any | 


tem under a low pressur 


olume ratin 


type 





liners are interchangeable, which gives a variety of pressure 
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ivenger pump, lo ated on the forward 
ubrication leakage to the sys 
Bearings are ball or roller type 


E. Slau { Hu n Park, Cal 


GIVEN an operating pressure of 2,750 
psi and a desired output of 225 bbl per 
day, find the plunger the pump 


crankshaft speed and the hydraulic hp 


size, 


output, 

Referring to the chart: locate the dis 
placement volume of 225 B/D on the left 
scale and extend a line to the {| in.—2,920 
operating pressure line. With vertical line 
downward from point it 
sect with 281 on the rpm scale, showing 


this will inter- 
the necessary speed for the desired vol 
ume. A line is extended vertically to the 
top scale from the intersection of the line 
representing 2,750 psi operating pressure. 
This shows a 10.5 hydraulic hp output for 
the given conditions. Maximum horse- 
power for the size 2 triplex pump is 12.5; 
the maximum pressure is 5,000 psi; the 
maximum crankshaft speed is 350 rpm; 
and the maximum 150 B/D 
For larger capacities the size 3 triplex 
pump is necessary 


volume is 
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SPECIFIED BY PRODUCT ENGINEERS 
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NE W COMPONENTS—MATERIALS A N D PARTS... . continued 








Dynamic Balancer Has Simple Operation 




























This universal dynamic balancer is a new machine that 
offers a simple method of putting armatures, rotors, 
pulleys, flywheels, gears, hubs, drums, and other rotating 
parts in true dynamic balance. 

The part to be balanced is placed on the balancer with 
shafts resting on ball-bearing rollers and then rotated to 
determine the position of dynamic unbalance so that the 
orrective weights can be added. 

The driving mechanism consists of an arm with a set of 
five V-belts driven by a 5 hp motor. Balanced to stand in 
Ip position normally, it is lowered by the operator until the 
belts touch the equipment to be rotated. A starting button 
is pushed and when the desired speed has been reached, 
the arm is raised. Rotation can be stopped almost imme 
liately by lowering the arm and pushing a reverse button. 

While rotating, the shafts are marked with pencil or 
rayon. With the unbalance causing the shaft to rotate 
off center, the markings will appear on one side, thus 
showing where weights should be added 

The balancer is 6 ft in height, requires 54 in. by 96 in. 
of floor space and weighs approximately 1,600 Ib. It is 
capable of balancing equipment up to 48 in. in diameter, 
i000 Ib, and 80 in. between the verticle standards 
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Miniature High Capacity 


Electronic Counter 
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A miniaturized version of the four-tube Electronic 4 : 
Counter Decade has been developed which, is 4 smaller 4 | y 
than the standard counter, and is available in two models i { 
which differ only in maximum counting capabilities. The i : 
model 12 is designed for counting at rates up to 130,000 f : % 
counts per sec, and the model 13 for counting at rates up ' ee 
to 30,000 counts per second 4 is 2 

Among the features of the electronic counter decade, i es 
is the easy-to-read and dependable four-lamp decimal indi- f 3 
cation. Four large quarter-watt neon glow lamps, arranged ie 
in a 1-2-4-8 decimal coding, make it possible to read the bs 
counter under high ambient light conditions, wide angles, ee 
and at a distance where numbers can not be distinguished a? Wa 
Since each of the four lamps is directly connected to one 4 ys 4 
of the four counting stages, the lamps also serve to indicat: DS re 
that the associated stages are functioning correctly; there- 0. 3 
fore tube failures can be detected and replaced. The counter : 
stages are arranged so that the progression of count can . 
not skip over a stage in which a tube failure has occurred 2 4 

The new miniaturized decades are available with either . 7 
a remote panel-mounted four-lamp readout or with a small 
plug-in neon cluster on the decade frame for applications \ j 
in which the indicators serve only for tube servicing a : 

The size of the new unit is 6} in. long, 63 in. high, and a) a 
1 in. wide including tubes. The decade is supplied with . . 
a silver-plated connector, assuring mechanical stability Potter 1 ( ne., 115 Cutter Mill Rd., Great Neck, N. Y 









CONTINUED ON PAGE 210 





. . 
lt Fie 


208 Provucr ENGineerinc — January, 1952 





ued 





TYPE "Ke" 


TYPE “KX” Ys 


ee 


- Special Features 
+ which make these relays first 
choice of exacting design engineers 


THE CLARE Type "K" RELAY 


Fast operation—adequate contact pres- 
_sre—high resistance to shock and vibra- 
eaten life—small size—1¥2” x 1%" 
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Small, Reluctance Type Synchronous Motor 


A new small synchronous motor of the reluctance type 
1as been developed without brushes, slip rings, rota 
oils, Or permanent magnets. The new motor maintai 
xact synchronous speed; starts and pulls into step at any 
rated frequency; is available with two, four, six, 10 or 12 
poles for single or two-phase operation, and two, four or 
eight poles for three phase; will immediately pull into 
step after transient voltage drop or overload; is reversible 
with either single or polyphase operation, is installed with 
flange or special mountings; has speed ranges up to 40 
to one and frequency range of 10 to 400 cycles 

The motor weighs 23 Ib and is available with open ot 
special enclosures. When used as a signal generator it can 
supply any number of amplifiers. It can be used with 
manual setting to automatically maintain any selected speed 
for any number of prime movers with absolute stability 
It is adaptable to high torque remote position control 
systems 

The ability of the motor to remain in step despite fr 
juency variations makes it available for the following app! 
ations: driving sequence systems; driving high speed 

cording instrument charts; driving large electric clocks 
for basic elements in speed and position control systems 
for signal generators in speed indicating, recording, and 
ontro systems 

Also, it may be used for both generators and motors 
ontro. systems where speed at the receiving end must equal 
the speed of the sending end, or some fixed m ltiple of it 
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High Strength, Two Piece, Structural Fasteners 


Lock Bolts, a new type of high strength, two piece stru 
tural fastener, weigh only 50 percent of an equivalent 
sized bolt and nut when installed. Consisting of a pin 
ind a collar, the pin is inserted in the work from on 

le, and the collar slipped on the pin from the opposit 

le. A special pneumatic tool installs the lock bolt 

The manufacturer states that lock bolts can be installed 
almost twice as rapidly as conventional bolts and nuts, and 
that hole tolerances for an interference fit exceed those of 
AN bolts. This eliminates reaming. Strength values of the 
lock bolts are said to be equal to or greater than same-sized 
bolts 

Or installation, the pneumatic tool engages serrated 
grooves in the shank of the pin. Exerting a pulling action 
on the pin, the tool simultaneously pushes the collar against 
the material, and clamps the material tightly together. Th« 
tool swages the collar into the pin groove, and breaks th 
pin flush with the collar. The clamping action will 
together a gap between sheets of as much as } inch 

Lock bolts are manufactured in two series, aircraft and 
ommercial. Aircraft series lock bolts are made of eith 
75ST aluminum alloy or heat-treated alloy steel; Com 
mercial series of either 24ST aluminum or mild steel 
Diameters range from ,*; in. to 3 in. and grip lengths from 


§ in. to 148 inch. A variety of head styles is available 
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Optical Cam Rise Gage Measures Cam Angles 


The Cam Rise gaging device shown in the illustration 


s designed to measure cam contours (both angle and 
umount of eccentricity) by optical means, and to simplify 
ind speed up accurate eccentricity measurements. The 
leviation in a cam surface at any angle of arc, from mini 
mum to maximum radii, can be measured to ten thousandths 
of an inch. Reading is direct at normal eye distance, no 





focusing is necessary and errors inherent in mechanical 
gaging devices are eliminated. Because of its simplicity 
the chances for human error are reduced to a minimum 
And since the optical system cannot be affected by wear 
backlash, temperature changes, oil film or other factors, 
the system should retain its accuracy indefinitely. It elimi 
ates errors possible in mechanical gaging methods 
For angular measurements the cam rise gage is used with 
i dividing head and tail stock to position the cam. The 
gage consists of a base for positioning and securing the 
instrument, a screw adjustment for moving the optical 
a . © I scope enlarges these divisions. Each 50 thousandths can 
ystem into contact with the cam surface, a contact bar and I ; oinsizs 
\ be divided so that direct readings can be made to 0.000 
im follower that are held against the cam by adjustable . ae ; ; 
1 . in.. and movements of 0.00025 in. can be accurately esti 
weight tension, a scale, and a microscope ' 





, , lt nih 
mated. The microscope is illuminated by a 6 volt bull 


A linear scale, engraved on the contact bar, is graduated 


rom 0 to 3 in. in 5O thousandths of an inch. The micro F. T. Griswold Mfg. ¢ u p 





Multiple Control for Precision Electronic Units 


A new potentiometer, known as series 42 A, gives 
simultaneous control of from two to twenty circuits and 
functions with high accuracy. Used mostly in electronic 
omputing equipment the unit is now offered in tandem 
d semblies 

The potentiometer is encased in a mineral-filled bakelit 
housing designed to lock together with similar units to 
ly that is held together by 
metal end-plates and threaded tie rods. The contact arm 


form a single tandem assem 


of each unit can be adjusted on the common shaft that 
slips through all the tandem sections, to synchronize with 
reference to the common shaft or with the contact arms 








of other units. Mechanical rotation may be continuous o1 
limited. Electrical rotation is 345 deg and can be adjusted 
to within plus or minus 1 degree. This can be increased 
to 359 deg for special requirements. There is no backlash 
or play in any of the tandem units. Also, tracking of all 
units 1S said to be assured 

Resistance range of each potentiometer 1s 100 to 100,000 
ohms for linear windings. Tapered windings are also avail- 
able. Linear controls are rated at 3 watts, while tapered tiometer to the total impressed voltage can be kept within 
ontrols depend on the nature of their taper. Standard 9 « percent of the theoretically correct value 
overall resistance tolerance is plus or minus 5 percent i : 
The ratio of voltage ft any point on the series 42 A poten ( a Mt ( Inc., D \ H ’ 
HE USE OF a new time saving gra- H, 2 H through 9 H. A. W. Faber which may be used at operating tem 
phite lead drawing instrument using Castell Pencil Co., Newark, N. J peratures of 355 F. It is omposed of 
No. 9040 flat. very thin drawing lead 97 percent pure asbestos and 3 percent 
permits the drawing of continuou ONLY 0.003 IN. THICK, a new high organic material. Irvington Varnish 
straight lines of positive uniformity heat insulation known as Silicone Resin and Insulator Co 6 Argyle Terrace, 
The lead is available in degrees HB, f oated Novabestos has been developed Irvington 11, N. J 
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Key to better piping design... 
your easy-to-use CRANE Catalog 


You can design better piping into any product faster when 
you specity from your Crane Catalog. Here, between two covers, 
you'll find the world’s most complete assortment of quality piping 


materials—carefully arranged for convenient selection. And for 


every piping item there's a full listing of recommended services; 


complete design, material, and construction details; plus helpful, 
easy-to-use pressure and temperature rating tables. In addition, 
your Crane Catalog answers general engineering questions con- 
nected with designing efficient piping systems 

Specifying Crane gives your product added value, too. Now 
that replacements are harder to get, your customers realize more 
than ever the advantages of dependable, longer-lasting Crane 
Quality equipment on the machinery they buy. 


FOR A BIGGER SELECTION OF BETTER PIPING 
... CHECK THE BROAD CRANE tine 
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FOR RUGGED, DEPENDABLE 
service on steam, water, oil and 
gas lines—Crane recommends 
150-Pound Brass Gate Valves 
with accurately guided solid 
wedge disc. Tight stem seal as 
sured by high quality stuffing 
box packing and gland; can be 
repacked under pressure. Rising 
or Non-Rising Stem; screwed or 
flanged ends. Sizes: '/4 to 3-inch 
See your No. 49 Crane Catalog 
page 17 
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Reinforced Plastic With High Impact Strength 


Plaskon Type 440 Alkyd, a new high impact glass filled for ppl ations requiring arc resistance should be deter 


thermosetting molding material, is supplied as irregular mined by actual evaluation of the part in question. 


pieces of matted glass fibers combined with resin binders Other properties: coefficient of thermal expansion, 
Among its characteristics in molded form are: high impact 10 x 10® to 30 x 10% in./in./F; thermal conductivity, 
strength; dimensional stability; good electrical properties; 8 104 to 12 & 10% cal/sec/cm?2/1 C 


high heat distortion temperature. The new compound is 
supplied to molders as a complete resin and glass fiber mix 
ture. It may be preformed, but no pre-heating is necessary 
because of its a” curing properties. Reinforced alkyd 
in be either straight compression, or transfer molded. The 
new alkyd material will be sold in two forms, Plaskon 
ilkyds 440 and 442, with the latter having good flame 
resistance 

For mechanical properties, the Izod impact strength 
values usually range from 12-24 ft-lb per inch of notch, 
ilthough both lower and higher values are obtainable, 
lepending on molding technique. Using conventional test- 
ng methods, the flexual strength indicates average values 
f 14,000-17,000 Ib per sq inch. Because of the reinforc 
ing glass fibers, residual strength is still present after the 
nitial cracking. Nominal compressive strength values of 
0,000 to 25,000 Ib per sq in. have been obtained. The 
modulus of elasticity is 1,600,000-2,000,000 psi. Because of 
the high impact strength, type 440 is said to be almost as 
trong after failure from high stresses has taken place as 
it was originally; therefore, in many cases local failure only 
relieves the stresses and the part is just as serviceable as 
before. When local failure takes place there is no tendency 
for cracks to spread under moderate stresses. Machinability 
is good if carboloy tools or diamond wheels are used 

The electrical properties are: dielectric constant for 60 


Libby-Owen Ford Gla ( Toled 6, Ohi 





yc is 5.2-6.0, and one megacycle is 4.0-4.5; dissipation 

factor for 60 cyc is 0.023-0.024, and for one megacycle 

0.019-0.020. The results of arc resistance tests for the ‘ 
ASTM method varies from 15 to over 180 seconds, while 

other types of tests have reportedly shown up well. The  canp_E DISKS of the reinforced fiber glass plastic that re ‘ 


ER eb thet the bal , iil - : 
anufacturers ig! that the surtability of plaskon 440 — ceived hits from Colt .45 automatic fired at 30 and 50 feet 
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“AMERICAN - WELDED” 


= —_ RINGS - BANDS - ASSEMBLIES 


tivity, 


@ They are less costly than circular products fabricated by 
other methods. 


@ Flash butt-welding produces consistent high-quality welds 
which are equivalent in strength to the parent metal. 


@ Close dimensional tolerances are held, thereby reducing 








the amount of excess material and minimizing machining. 
® Accepted for 100% design strength. 


@ Made from rolled or extruded ferrous or non-ferrous 
material, American welded rings are free from blow 
holes and harmful inclusions. 


Send us your specifications for prompt quototion .. . 
Moy we send you our illustrated catalog # 
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Difficult starting with a heavy load is made easy with 
three new liquid drive units. The three couplings available 
are designated as the TF, TH, and TS units. The TH 
design is of rugged steel construction and is arranged for 
direct hub mounting on an electric motor shaft. There 
are five standard arrangements available to allow for 
varying machine design requirements. Ample bearings 
and a bellows type of shaft seal are provided, all of which 
ire lubricated by the oil in the liquid drive. This unit has 
1 Capacity range of from 10 hp at 870 rpm to 75 hp at 
1800 rpm 

The TS design is of aluminum construction and available 
n capacities from 1} hp at 1200 rpm to 24 hp at 1800 
rpm. These units are designed with an output sheave 
which rides over the position occupied by the motor shaft, 
thus eliminating all unnecessary overhang. The sheaves are 
ivailable from a 2-groove B section unit on the smaller 
ouplings to a 7-groove B section unit on the larger 

yuplings. All bearings and shaft seal are lubricated by 
the oil in the liquid drive 

The TF design units are made of aluminum and are 

uilable in capacities from 3 hp at 1200 rpm to 25 hp at 
1800 rpm. They are designed for direct mounting on 

indard NEMA frame electric motor shafts. Under nor- 
| operating conditions, the three types of couplings will 
rate at approximately 3 percent slip, resulting in an 


thcrency rating of 9 per ent 


Some of the applications of the liquid drive units are 
PI | 


ul hoists, trolleys, car pullers and winches, centrifugals 


Fluid Drive Units for Difficult Starting 




















cable stranders, conveyors, mixers, and agitators. Shown 


! 


in the illustration is the TF unit 





New Size Range for 


\ new size range has been added to a standard line of 
roll one, two, and four row tapered antifriction bear- 
Single row bearings are available in sizes from 

to 20 in. O.D. and four-row bearings from 6 to 20 in 
OD. These new full-roll units have been engineered for 
bar and strip mills, pinion stands, gear drives 
ing mills, table rolls, reels, straighteners, cranes and 


r heavy metal-working machinery. These bearings are 


iid to speed roll changes, decrease power consumption 


luce lubrication and maintenance costs, increase general 
overall efficiency, and to be superior for heavy duty service 
lhe four-roll bearing illustrated, measures 103 in. L.D., 


in. O.D.. and 10 in. wide. This bearing is manufac 


4 
red to AFBMA standards, with the bore held to 0.001-in 
1 the O.D. to 0.002-in. tolerance, and is made entirely 
»f chrome-nickel steel. At 500 rpm, it has a 126,000-Ib 
radial capacity and 24,250-Ib thrust 
The distribution of the load over a full complement of 
tapere 1 rolls assures smooth operation at full radial and 
thrust capaciti Because of the close spacing of the rolls, 
ossible deflection in cone and cup members is reduced 
to ninimum. Positive alignment is achieved by contact 
of the tapered rolls with the high back rib which is an 


rral part of the cone 
The manufacturers claim the bearings have a maximum 


number of rolls with high capacity, rigidity, and long life. 








‘ a 
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Greater Load Capacity of 


ORANGE 's74c6R20" 
ROLLER BEARINGS 













— meets severe requirements 







in crankshafts of 


lliburton 


TRIPLEX PUMPS 

















Halliburton Triplex Pumps are capable 
of developing 12,000 p.s.i. pressure. 
They are used for pumping cement, 
mud, water, acid and other fluids used 
in servicing oil wells. The manufac- 
turer, Halliburton Oil Well Cementing 
Co., Duncan, Okla., has found Orange 
Staggered Roller Bearings best suited 
for the exacting operating conditions 
of these high pressure pumps. 


























HE outstanding success of Orang 

Staggered Roller Bearings in 
heavily loaded or highly-stressed ap 
plications, comes from their unique 
staggered roller design. (See lower 
left). As a result, they carry higher 
loads than conventional bearings. You 
can design to carry the desired load 
with smaller size ‘“‘Staggered’’ bear 
ings. Or, replace present bearings, size 
for size, and gain extra load capacity, 








Iustrations show how loed added safety and longer service life 
is divided over many short Orange “‘Staggered’’ Roller Bearings 
rolls, instead of a few full are fully interchangeable with conven 
length rolls. End view of Stag- tional bearings in the 200 and 300 
gered bearing and conven- series and the 5200 and 5300 series 


tional bearing, show how 

Write for Engineering Data 
Book on “Staggered” Roller 
Bearings, showing construc- 
points within the loaded zone. tion, dimensions, capacities, 


staggered roller design brings 
a multiplicity of contact 





application data, etc 


ORANGE ROLLER BEARING CO., INC., 551 Main Street, Orange, N. J. 
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Plug-in Type Low Voltage Transformer 


The 71-A variac transformer is a ready-to-use, enclosed 
package with attached cord and plug for 115 v, 60 cycle 
input, and a pair of Type 938 Binding Posts to deliver 0 
to 16 Vy output 

The transformer is rated for 5 amp continuous duty, 
with a conservative 50 C internal temperature rise and an 
Output regulation drop of less than 3 v at full setting 

The basic unit is composed of two layer-wound primary 
coils on opposite legs of a conventional stack of L-type la- 
minations plus two single-layer secondary coils wound over 
each of the primaries. The insulation between coils and to 
the core wil withstand a 1250-v breakdown test. The s« 
ondaries are tapped by a unique arrangement of two stand 
ard Variac brushes on a single aluminum radiator, which 
permits direct connections of the coils to both line and load 
without slip rings 

The simple, rug is largely made up of 


two heavy aluminum U pieces, which are held so as to 
1 


ged enclosure 
provide a } in. mounting slot at the bottom and a guiding 
track for the slider carrying radiator and brushes at the 
top. This slider assembly is the only moving part 

lhe mounting slot permits securing the unit to a wall, 
out of working space, or 1 permanent 
component 

The slider track 
ready reference 

The limited voltage range makes this transformer par 
ticularly safe for experimental work, the isolated secondary 
permits its use in floating circuits, and the continuous ad- 


into a devi eC as 


is calibrated in open-circuit voltage for 








convenient in compensating tor voltage fluct 
tion or in determining performance over a voltage range 
Specifications: Input Voltage 115 v; Output Curreat 5 amy 
maximum; Output Voltage 0-16 v open circuit, 0-13 
at 5 amp; No-Load Loss, Less than 5 watts; Dimensio1 
(Length) 54 x (width) 33 x (height) 3} in., 


Net Weight 4 Ib. The unit has a wide range of applic atior 


justment 1s 


overal 


G ’ Rad ( S Massachu { Cambrids VM 





Two Units Permanently Record Alternating Current 


Designed to check on and make a permanent record 
of the use of a-c and circuit reactions, the recording am- 
meter used portably with a clamp ammeter unit can be 
used to cover all operations within a power, manufactur- 
ing or processing plant. The records obtained can reveal 
proper or improper handling of plant equipment, detect 
unwarranted use of power, and discover unnecessary waste 
of production line time by checking the starting and ending 
time of operating equipment 

The new modified model 633 clamp unit can be used 
for making rapid a-c measurements on either insulated or 
non-insulated conductors It functions on the magnetic 
induction principle. The trigge clamping jaw is 
hooked onto the conductor and induced in a 
winding on the magnetic cir clamping jaw. By 
means of a rectifier 


r-action 
urrent 1s 
iit of the 


network contained within the instru 


ment, the induced i is rectified into d-c which ts supplic d 
to the recording ammet 
The instrument can be used with an extension cable 


to the re order The 
heavy rubber 


everal hundred feet long to conne 
laminated clamping jaws are insulate 1 with ¢ 


sleeve which withstands a breakdown test of 5,000 v a 

ind can accommodate conductors up to 2 in. diameter 
When used on commercial sine wave of frequencies 

hetween 5O and 70 cy th nstrument is said to have an 
rracy of within > percent The slight effect of the 








the conductor is 


position of 
overall accuracy, 

The clamp pick up, which has terminals and a rang 
selector switch on the face of the instrument instead of 
dial, is compensated for temperature variations. The in 
fluence of temperature changes from 32 F to 110 F (0-4 
C), will affect its accuracy less than 1 percent. The device i 
onverter and a transformer for permanent use 


included in the 3  percer 


used with a 


/ 1) i/ 4 ! \ re N 
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BARCO 


High Pressure Hydraulic 
SWIVEL JOINTS 
and Assemblies 





For compact, smooth-acting, trouble-free mov- 
able joints in high pressure hydraulic piping or tubing 
SPECIFY BARCO! Here's why: Barco’s exclusive 
design provides side flexibility to allow for piping 
misalignment and to PREVENT BINDING. Only 
Barco offers this important advantage. 

Barco High Pressure Hydraulic Swivel Joints and 
Assemblies were first developed for high altitude air- 
craft service and are now widely used for both military 
and industrial installations. Numerous approved styles 

are available to meet J.C. and Mil -J-5513 Specifica- 

luctua 0 ions. Leakproof; Pressure-safe! Low torque. No 
—— aly BARCO swelling or expansion under pressure. Sizes, % up. 
~~. Operating pressure ratings to 3,000 psi. or higher 


-13 SWIVEL JOINTS temperatures to —85° F., or lower. Ask for informe- 


1810N 


ial ‘i tion and recommendations 
Veiail 
atior / 


Mt. Side Flexibility! —_ 
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| Many Approved Designs for Military, | Aircratt, and Industrial Use 















MANUFACTURING CO. : : 
rang 1827B WINNEMAC AVENUE : : 
of CHICAGO 40, ILLINOIS ° : 
Aes IN CANADA: The Holden Co., Ltd. ° : 
0-43 ° 4 
ice is Ths Only Truly Complete Line : 
+ use of Plonible Ball, Swivel, Swing : : ‘e 
\ and Revoluing Joints ° : . 4 
E 22 : : 

PREE ENTERPRISE-THE CORNERSTONE OF AMERICAN PROSPERITY 
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Swing Joints for Gasoline and Oil 





lo a line of swing joints have been 


idded three new styles that are avail 





ble in sizes from 3 in. to 12 in, de H 
pending on the model. The new joints 
are particularly applicable to gasoline . 
and oil tank car or truck loading and 
inloading lines. Also, many overhead 
loading lines and hose reels which ‘ | 
require joints that will support piping = | 
ind move in one plane only 
The particular advantage of the 
new design is said to be its simplicity 2 
in allowing for a 360 deg rotation 
iround the axis of the joint with a STYLE 5011 YLE 
long bearing surface to support the 
weight of normal piping. When used 
in pairs, connected by 90 deg ell, they models are available. Sealing is by terial is alse | 
provide for up-and-down and side-to- means of an “O” ring confined in a from iO to > F. In all of 
side action. Easy arrangement for recess in the sleeve of the joint. Special larger sizes, standard alemite fittir 
ounter-balancing of supported piping “O" rings are provided for handling are used for lubrication of the joi: 
ilso possible air gasoline, water, gas, chemicals, fue Parts at ssible for inspection 
Sizes available range from 3 in. to oil and other liquids without softening, Lintenan ts also available 
3 in. for threaded connections and swelling, or deterioration at any pres stainless ste 
from 4 in. to 12 in. with flanged con- sure from 0 to 100 psi, or to as high as Bar Mio. « 
nections. A total of 60 different 500 psi in the smaller sizes. This ma LN. Wi ( ' 





Neg’ator Model Aids in Mechanisms Design 


As an aid in the development ol! 
iechanisms based on neg’ator, a long 
flection constant force spring element, 
working model of the B-motor form 
of the neg’ator is now available made 
f a long strip of stainless steel, 0.005 
I thi k and i in wide Vhe Zero 
gradient neg'ator B-motor, mounted 
m a 2 x 34 in. black bakelite base, 


exerts a constant torque ol > in 





pound as the flexible steel o itput Cal le 
lrawn to an extension of about 4 ft 
Ihe cable, stored on a 1 in. drum 
itegral with the output bushing, is 
juipped with a looped terminal at- 
tachment to pe rmit either manual or 
nechanical extension. From zero to 
full cable extension, a torque of 1 in 
pound is developed through 14 revolu 
trons of the output ishing 
ator Div., Hunter Spring ¢ 
1 Spri | Lansdai / 










DRAFTING BOARDS measuring 42 tn. x juipped with a leveling device and CHEMICAL TRAYS, molded of high 
72 in. are available on an all steel an adjustable foot rest. It has a large strength chemical resistant plastic, re- 
table that has a tilting range of from pencil tray and a leg base area of 25} sist acids, salts, mild alkalies, and 
0 to 50 degrees. Also adjustable for im. x 42 inches. Emrick, In $ organic solvents. The Dynakon Cor; 
heights from 33 in. to 47 in., it is Clinton Ave., Kalamazoo, Mi Hough Ave., Cleveland, Ohio 
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QUAKER CONVEYOR BELTING . 


LASTED LONGER THAN ANY OF SIX OTHERS 


} ” Stowe # "n ant i de ’ 
ling irive on a well-kKnow? trench Wiggins 


A “belt-kil 


veyor belts } 


was installed Result 


used © 


Performanc 


design eng} 
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na matt 
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er of weeks or montn 
t belt lasted almost twice as long as any * tne 
trong..-1n fine shape. 

» +L i we . . sh . wre Makin 
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Quaker sales engineers can assist you 1m 


rubber product - - - 


requirements from 


Products are ava 
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Small Float Valve Has Large Capacity 


A new float op rated valve. known as the no. 18 series, 


ipacity for a valve of its small size. Three 
variations of the valve are available in this series. The 
no. 18, the 118, and the 518, which offer a variety of 


operating conditions 


provides a large 


The no. 18 consists of the valve mechanism and float 
The no. 118, shown in the illustration, is a variation de 
signed to offer protection against back-siphonage; it has 


the float mounted at right angles to the valve so that the 


valve proper is always far above the water level. The 
no. 518 includes the float and valve in a die-cast chamber, 
with a well-fitting cover, and is designed for external 
apply ation such as on humidifiers 

lhe valve mechanism itself consists of only a few parts 


Ex ept for the neoprene valve seat, all parts are of copper 


or brass The vals opens to full Capacity with a small 
float drop, and closes against supply pressures up to 100 
lb. he entire assembly is held together by a single brass 
pin, so it can be sassembled for inspection or cleaning 

Ihe no. 18 series float valve can be used on humidifiers 
ol warm air furna on cvaporative coolers in alt condi 


tioning equipment; on wet and dry bulb hygrometers; on 


ce ¢ube freezers. It is also used to add water to radiators 
of stationary engines: on coffee urns and beverage dis 
pengers 

The capacity of the no. 18 valve ranges up to almost 


OO gallons per hour 1 pr nding on supply pressure For 

















+ +4444 


mounting the valve, the water supply connection has ] 
3 in.-18 machine thread with matching nuts and washer 


T 


in. pipe or } in. O. I 


For actual water supply line, either } 
tubing, this same connection has a 4 in pipe tap 


McDon Miller, Inc } N. Spauldi 1 Chita 18 





Probe Has Interchangeable Detecting Heads 


A new lightweight radiation probe, for detecting and 
iecasuring alpha, beta, gamma, and neutron radiations, has 
cen de signed for use in hospitals, and industrial and 
iniversity laboratories where work with radioactive mate 
ials is being conducted. It will have application in 
ionitoring contamination of clothing, personnel, labora- 
tory equipment, and facilities 

The scintillation counter, includes a phosphor, photo 
wo none tube, and a two-stage amplifier with low 
impedence output. Light flashes, produced when nuclear 
particles strike the phosphor, are converted into electrical 
pulses by the photomultiplier. This allows radiation de- 
tection and measurement under even the most difficult 
circumstances.- Alpha particles, for example, can be counted 
in the presence of high beta-gamma backgrounds 

The phosphors for detecting alpha, beta, gamma, and 
neutron radiations are incorporated into specially designed 
caps placed on the end of the probe. These detecting 
heads can be quickly interchanged and the various phosphors 
in the caps are easily replaced should the need arise 





The neutron cap alone, adapted to measure beams of 
thermal neutrons, is expected to have wide application in 
general health physics work. 

) 


The complete detector is 23 in. in dia, 15 in. long, and 
weighs approximately 10 pounds 


G ral Electric ¢ 1 River Rd., Schenectady, N. ¥ 





AN ALL MAGNETIC REGULATOR has no from 105 to 135 v a-c. Regulation ac THE CON-TORQ LOCKNUT, made witl 


vacuum tubes, has an all magnetic am curacy is 1 percent 


May be modified a flange and tempered ribbed barrel 


plifier type circuit, and maintains a for power — of any Output gives concentrated action when ap 


power supply output at 18,000 v d- rating. Time delay about 0.1 seconds. plied to a bolt or screw. It is not af 
This is for load current variations from General Magnetics, Inc., 135 Bloom- fected by vibration, moisture, or heat or 
0 to 100 ma, and line voltage variations field Ave., Bloomfield, N. J old. E. A. Bessom ( orp., Salern, Mass 
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Sondstee! Spring Division — Sandvik Steel, inc 
145 Hudson Street, New York 13, N. Y 
bememe Gentiemen: Kindly send, without obligation, o copy 
— ' of “Sandstee!l Springs for Oval Power 
FREE. Send for illustroted 20-page mainspring guide 
to better product design and performance... 
Position 
Fey 
ee asseseeecsserw irm Address 
’ eee 
+--+ + 
? 
+t 
+4 
eee| 
eee 
++ +44 
esseses’ ai 
' ++4++4+-44+ ++ 
' +++ oe ++ 
' 444444 ++ 
+++? +o + + 
++ oe eo + ++ 
jeeseees \a' 
Mas jesases. | 
she jeesecea: Geseess: 
dD jeasseese: 
— asssececsss! 
++ ++? + > 
jeaseese t 
+++ 44 + > 
++ in , | + 8868/80 ‘ETT tTT Partial list of products using 
+ Sondsteel springs 
Watches 
Clocks 
j a 
0 
Motion Picture Cameras 
Motors 
gas Office Machnes 
s of a . : : ' or 
nm in e ming Devices wer 
into your product ves Wash 
and 
instruments 
, DO YOU HAVE A PRODUCT THAT REQUIRES A FLAT SPRING2 - 
. . . - aUE 
For superior design and performance of that product, inquire about Electr: M 
5 ; ° : Recording Devices 
— Sandsteel CROSSCURVED Mainsprings. The crosscurving allows use of ph 
longer, thinner springs, giving more flexibility of design and a far , — 
. = elevision Aerials 
wit! more even delivery of energy. Take advantage of a quarter century of Vending Machines 
irrel Sandsteel mainspring know-how, and consult us regarding your spring toot cates 
ap requirements. Write for informative brochure . . . without obligation. 
t al 
at or 
7 SANDSTEEL SPRING DIVISION—SANDVIK STEEL, INC 
, . 
E 22¢ ‘ General Offices and Main Plant) 148 Hudson Street, New Yor! N ) 
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Two Or Three-Way Electrically Controlled Valves 


Recommended for use as a pilot of the cylinder or 
liaphragm operated valves, this electrically operated valve 
is being offered in a or 3-way model, in 110, 220, and 
i140 v, 60 cyc, either normally open or normally closed. 

The body and cover are a high tensile zinc alloy die 
isting, and the seats, plunger, and spring are made from 
tainless steel. The hycar seats in both ends of the plunge: 

oi! resistant, and the coils are completely sealed from 
the air or fluid being controlled. The air or fluid passing 
through the center of the valve dissipates the heat of the coil, 
keeping it cool, and allowing operations up to 400 cyc pet 

Ihe lite of the valve is said to be over 10 million cycles 
[he only moving parts are the spring and the plunger 
Ihe only wearing part is the hycar seat, and when a new 
it is molded into the plunger, the valve is ready for 
nother 10 million cycles. A valve with a standard coil is 

ommended to handle air or oil only. A special shielded 

used in valves handling water and will be available 

i later date 


Valves with } in. orifice are recommended for pressures 


I 
to 125 psi; valves with ,%, in. orifice are recommended 
or pressures to 60 psi. All valves have a } in. pipe tap 
Ihe } in., g in., and 3 in. cylinder valve can be operated 


p to 300 cyc per min, and the 3 in. and 1 in. cylinder 
ilve can be operated up to 150 cyc per min with this 


ilve The restrictors must be removed from the top of 
lin ler ope rat | \ ilve to obtair these speeds Inrush 
rent consumption is 41 watts, holding current is 27 watts 
It is recommended that for maximum service the valve be 
ounted in a vertical position to prevent excessive wear on 
pl npyer 
J ( 61 Bear | { O 
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Bimetal Disk Thermostat Is Completely Sealed 


A new quick make and break bimetal disk thermostat 
for defrost control and cycle termination, and for other 
pplication in which moisture beads are a problem, is de- 


o meet all requirements of the Underwriters 


Featuring an electrically independent bimetal thermal 
ent which eliminates artificial cycling or jitters, the 
w thermostats are available in two basic styles. Type 
MH 200 is a hermetically sealed unit enclosed in a round 
tal can with neoprene molded over the terminals and 


ids. Type MH100 is enclose 1 in a CR-7 crystal can; 


ype MH300 is covered by a molded neoprene enclosure 
This construction completely protects the terminals from 
moisture or liquids; silicone rubber can be used for special 
high temperature applications. The silver contacts are 
protected from contaminants by the hermetic seal 

All type MH thermostats are preset at the factory and 
annot be adjusted thereafter. Operating on a-c of 40 


ycles and up, the units are rated at 15 amps at 115 and 
) amps at 230 volts. General applications for the type ¢ H 
(0) include ise in low wattave circuits where thermal con- 

essary, as in electronic and communication equip 
ind in control apparatus and appliances where 






q 


MAH 200 f 





moisture beads are a problem. All the CH 100 type the 
mostats ar permanently precalil rated for any range fro 
i maximum of 400 F to as low as ) Centigra 1¢ 
Stevens Mfg. ¢ ] 69 §. Walnut § Man . Oo 
CONTINUED ON PAGE 22 
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V-Belt Drive Unit for 


A special purpose compound V-belt drive unit has been 
found to be suitable for the calibration of jet controllers, 
tachometers, and other instruments 
Capacities ranging from the light tachometer drives of 
hp or less up to 10 hp are now available with larger 
drives for loads of 20 hp and higher now being developed. 
Ratios up to 50:1 with speed ranges from 150 to 7500 rpm 
are produced by compounding successive pairs of wide 
range combination sheaves 

Prelubricated sealed ball bearings and precision built 
variable pitch sheaves equipped with sintered bronze bush- 
ings are incorporated in the design. This construction is 
said to assure uninterrupted performance without the neces 
sary regular servicing. The balanced stretchless steel cable 
V-belts are furnished either in regular or static proof con 
struction for hazardous locations. A single, free operating 
balanced control with zero back lash for direct or remote 
locations changes the pitch diameter of all four sheaves 
simultaneously 

Accuracy of regulation with no hunting and almost no 
drifting are said to hold speed variations to less than } of 
1 percent for any speed throughout the entire range. This 
is important when using electronic tachometers in con 
junction with the calibration of instruments, controls and 
pumps 

Speed Sel r In 118 Noble Coust, Cleveland 13, Obi 


1 








High Rate Counting and Totalizing Unit 





High speed counters, used in conjunction with conven- 
tional equipment, and instruments, now permit high rate 
counting and totalizing at near ultrasonic rates. Possible 
applications of these counters are investigation of phenom- 
ena involving functions of time, radiant energy, sound, 
light, aeceleration and velocity, stress analysis. Other uses 
ire in: hydraulics, pneumatics, nuclear physics, and. aero 
lynamics. Determining production and flow rates in the 
processing and fabricating industries are also — 

Designed for lightness, portability and ruggedness, these 
inits weighing 10 oz apiece, have an overall dimension of 
14 in. x 5 in. x 54 inches. Model TU-9 automatically 
records impulses up to 30,000 per second, while model 
TU-100 will record at rates as high as 100,000 cycles per 
econd. Both units are equipped with octal base plugs for 
individual or series mounting in conjunction with other 
equipment or circuits. By cascading a series of units, direct . ' 
readings of large proportions may be read on the internally 
illuminated panels. Power supply is 200-400 v, d-c at 12 
milliamps, with an input-output pulse of 100 v, negative. Stratex Instrument, 1861 Hillhurst Ave., I ingeles 27, Cal 











1 


A MINIATURE HERMETICALLY SEALED constructed that it may be panel A SELF-LOCKING ANCHOR NUT of hig 

f ' } > > y .e y } 
RELAY features an 8-terminal her- mounted from either the top or bot- carbon annealed spring steel grips tl 
metically sealed header 0.600 in. O.D. tom side. The unit can be furnished bolt without using an auxiliary devic 
and a new design balanced armature either with a dry air fill or vacuum Its hardness makes cross-threading a 


relay sealed in a Z in. x J in. drawn pumped and filled with dry nitrog: most impossible. Kaynar Mfg. Co., 8 
iluminum can. The entire unit is so Hermaseal Co., Inc., Elkhardt, Ind E. 16th St., Los Angeles, Calif 


CONTINUED ON PAGE 23 
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a W ater resistance should Se ldom be 
erlooked in materials selection, and 
tten ft is a controlling factor. 

This characteristic is outstanding in 
Dr rez phenoli Sand, as these eXamples 
ipgest, it Can serve vou In many Ways 
trequent contact with hot liquid causes 

» deterioration in the sanitary screw- 
nursing bottle cap and nipple hold- 
Poilet tank balls of Durez float for 

ars. Engine dehydrator plugs are un- 
fected by any climatic conditions and 

ave the torque stret eth needed for a 

ght screw fit. Constant exposure to 


aver vapor neither swells, shrinks nor 


’ 


WATER can’t cramp 


your product’s performunce 

















-.. when it’s custom molded of DUREZ phenolics 


warps the humidiher parts of motaea 


Durez, nor mars their lustrous finist 
In mil ms oF pleces felectrica An¢ 
electron equipment the OW Wate! 
absorption of Durez is equa mp. 
tant it safeguards the excellent elec 


trical Characteristics of the mater a 


Your custom molder will neip you 


MOLDING COMPOUNDS 


get Maximum profit from the electrical, 


chemical, and mechanical properties INDUSTRIAL RESINS 

ava lable In more than SU 1) ife7 

molding compounds. Why not see him PROTECTIVE COATING RESINS 

now Defore future ins De inne n 5 a 
ey ae er eer Our monthly ** Durex Plastics News” will 

at ur Hew stan ts = = . heep you informed on industry's uses of 

tor details and techn ISSIStance Durez. Write, on office letterhead, to 


Durex Plastics @ Chemicals, Inc., 200] 
Walck Road, North Tonawanda, N. Y. 


PHENOLIC PLASTICS THAT FIT THE JOB 


Propuct ENGINEERIN« 


January, 1952 























Tester Has Range From 2 Grams to 5,000 


Outstanding among the features of a new precision ele 
tronic testing instrument, is its wide full scale range, 
extending from 2 grams to 5,000 Ib. In addition, a selec 


tion of jaw speeds is provided, ranging from 0.02 to 20 








wr 


in, per minute. The combination of a system for changing 
the load sensitivity and push button switching for operat 





ing the moving crosshead, are said to offer fast routine 
measurements as well as ¢ omplex testing tex hniques 

The electronic load weighing system is based on the 
electric strain gage principal to detect variations of load 
in the specimen under test. This instrument has a high 
speed of response and almost zero motion of the upper 
jaw. The motion of the lower jaw is controlled by a posi 
tional servo system assuring a constant rate of elongation 
in either direction, and providing almost instant starting, 
topping or reversing 





Recent additions to the tester have been compressional 





accessories. An auxiliary and easily removable crosshead, 
as shown in the illustration, is attached to the frame below 
the moving crosshead. Compression type load cells hav« 
a rigidly attached load sensitive table. The sample is com 
pressed between this table and the moving crosshead. Th« 
same control for operating the motion of the crosshead in 
tensile measurements, is possible for compression testing 
Load deformation, cyclic, and relaxation data, can be ob 
tained with high speed response. By the use of jigs and 
fixtures, torsion and flexural measurements may be carried 


out 





he full scale range of compression tests available, with 
three interchangeable load cells, extends from 20 grams 





: either absorbed or returned by the test sample, is im 
to 5,000 Ib. An integrator has been developed which, rer : ; : 
o. diately available from counter readings 
when applied to the tensile tester, the area under the load ‘ 
deformation curve, which is equivalent to the energy Instron Engineer Corp... 2 H b St.. Oui 1M 





Step Gage Measures Thickness of Thin Films 


Called a step gage, this new instrument for accurately 
neasuring the thickness of thin films by means of color 
comparisons, Consists of a Spe ially prepared glass plate 
enclosed in a plastic case. A film of barium stearate is 
leposited on the glass in a series of monomolecular layers, 
each layer having a thickness of 0.1 microinch. The su 
cessive layers are deposited in such a way as to build a 
cries of steps made up of ten layers. Each step is one 
nicroinch thicker than the preceding one 

When the step gage is illuminated by white light, each 


re flects a color that is de termined DY its thickness The 





ps, therefore, are seen as a series of colored stripes on 


the glass plate. To determine the thickness of an unknown 
film, it is compared with the colors on the gage to find 
he ste] whi h most nearly mat hes the color ot the un 
known film 


Ihe new device may be used to measure vapor pressu 


ind temper colors on metals, and is adaptabl: for measure 
ent of transparent conductive coatings on glass. The range 


of the step gage is from 


> 


, 
to 16 microinches 





G var Electric ¢ 1 River Rd., § nectady 5, N. Y 


CONTINUED ON PAGE 23 
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VAN HUFFEL 


§ TUBE CORPORATION * WARREN, OHIO 


WELDED, LOCK SEAM, OPEN SEAM, BUTTED TUBING, SHAPES AND MOULDINGS 
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Vibration Mount Protects Voltage Regulators 


A new center-of-gravity type vibration isolation mount 
has been developed to protect aircraft voltage regulators 
from the effects of shock and vibration. It is reported to 
offer good vibration resistance in all kinds of mounting 
and has constant characteristics Over a wide temperature 
range. The mount is designed to meet the requirements 
of Army and Navy specifications 17R21 and ANB30 

ihe mount is capable of withstanding a shock or sus- 


tained acceleration of 10 Gs, and will absorb vibration 


deflections of 0.06-in. (total travel) when subjected to 
simple harmonic motion at frequencies of 10 to 55 cps 
and amplitudes corresponding to 10 Gs from 60 to 200 
cy les. It also meets a 25 hr salt spray test. 

Four phosphor-bronze laminated spiral springs with cop 
per braid sleeves are located at the corners of a movable 
base so that the inner ends of the springs are equi-distant 
and in the same plane as the center of gravity of the 
device to be protected. Brackets riveted to the outer and 
inner ends of the springs secure them to rigid and movable 
pases 

The devi 0 protected may be mounted in any plane 
and subjected to shock and vibration in any direction. The 
springs will deflect substantially the same amount in any 
direction when loaded. Unbalanced movements of the 
device are eliminated when it is subjected to shock or 
vibration 

Four silicone-rubber grommets inserted in the spring 
supports act as stops under shock conditions. Their per- 


formance is also effective between wide temperature limits 





because of the characteristic stability of silicone rubber ove 
a wide temperature range 

A thumb-type locking clamp is used so that the plug 
voltage regulator may be easily removed. Test jacks and an 
equalizer potentiometer are mounted on the rigid base. 


General Electric Cc 1 River Rd Sche Nei tady N, } 





Automatic Clutch Disengages At Low Speeds 


A new automatic clutch, featuring wide differential in 
engagement and disengagement speeds, is designed for 
? to 15 hp engine with 14, 1,%,, or 14 in. 
standard shaft. It has a normal engagement speed of 1,000 
to 1,200 rpm, but disengages at as low as 800 rpm. The 
wide differential of this automatic clutch is made possible 
by a linkage connecting heel and toe of theytwo opposing 
shoes. This toggle lock is centrifugally actuated and equal- 
ized on both pickup and release of the load. All models 
in this Tog-o-loc series have hub bores mating with standard 
engine shafts, without necessity for any extension, grind- 
ing, boring or slotting. They are available in two types 

with standard size pulleys with single and double grooves, 
or with plain hubs onto which special service pulleys may 
be mounted 


ope ration on any 


Salsbury Corp., 1161 E. Florence Ave., IL Angel 1, Calif 











FLAG TYPE SOLDERLESS TERMINALS 
are now equipped with body insula 
tion. The terminal may be installed 
easily on standard wires in ranges 
from No. 22 to 10. Originally de 


signed for intricate case wiring systems, NEW EXTRUDED 
the terminals may be used in air- 


craft, industrial, automotive, electronic, 
or where space is a 
craft-Marine Products, In 
ton St., Harrisburg, Pa. 


HEETING reinforced with wire is said 


to have good resistance to outdoor es 
posure. The transparent plastic | 
lightweight, non-corrodible, and hig! 
in impact strength. The plastic use 
is cellulose acetate butyrate tenite. ¢ 
Felsenthal & Sons, Inc., 4100 W 
Grand Ave., Chicago 51, IIl. 


a minimum, Air- 
2100 Pax 


TENITI PLASTIC 
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HOW TO HELP BRITAIN 
...and Ourselves 


The purpose of this editorial is to help Win- 
ston Churchill obtain the aid Britain needs 


(1) to weather her present financial crisis, 
and 


(2) to avoid a chronic recurrence of such 
crises. 


This is not a philanthropic purpose. 


Britain is our staunchest ally in the free 
world’s continuing fight for survival. She can- 
not perform her role effectively if she is 
broke, or if she careens from one financial 
crisis to another. 


Then, too, a nation such as ours —commit- 
ted te private enterprise as a way of economic 
life—has a special interest in helping Winston 
Churchill to help Britain. His administration 
is relatively friendly toward private enter- 
prise. Should he fail, he would be replaced 
promptly by a Socialist government more 
hostile than ever. And that would weaken 
the standing of private enterprise in the free 
world. 


Cause of the Crisis 


It is the drive of the Western World under 
our leadership to rearm against Russian ag- 
gression that has precipitated Britain’s finan- 
cial crisis. It set off a scramble for raw mate- 
rials from which armaments could be made, 
and for many other materials that might be 


short in the event of war. So the prices of the 
things that Britain must import—mostly raw 
materials—have been boosted more than the 
prices of things she can export—mostly fin- 
ished products. That leaves Britain short of 
funds to pay for essential imports. This diffi- 
culty increases as the necessity becomes more 
urgent to divert industrial effort from produc- 
tion for export to production for security. 


The Basic Trouble 


Although Britain’s immediate crisis was 
touched off by the rearmament drive of the 
Western World, her basic affliction is one 
from which she has suffered since the end of 
World War II. Stated in its simplest terms, 
Britain does not produce enough goods to pay 
her own way as one of the family of free 
nations. 


For years this deficiency in home produc- 
tion was made up by income from shipping 
and overseas investment. But Britain had to 
sell a large part of her foreign investments to 
finance her heroic part in World War II. So 
her income from that source has been greatly 
reduced. And, in spite of an increase of about 
a third above prewar in her own production 
of goods and—thanks to a continued “auster- 
ity” program—a much larger increase in her 
exports, Britain still is not paying her own 
way. 














Two Ways to Solvency 


Britain has two ways to restore her sol- 
vency. One is to cut down on what is con- 
sumed—the belt-tightening process. The other 
is to step up British production. 


To surmount the present crisis, Mr. 
Churchill has asked for some cutting down. 
He probably must ask for more. 


Except as a stop-gap expedient, however, 
more cutting down of Britain’s consumption 
is clearly a dangerous course. That would 
further depress a British standard of living 
which, not more than half as high as ours, 
already is too low. Politically such a course 
would grease the skids for Winston Church- 
ill’s administration, even now governing by 
a wafer-thin parliamentary margin. Also, as 
The (London) Economist remarks, the “lazy 
expedient of cutting trade” would result in 
“hurting other people and forcing them to 
take similar action’’—by cutting the market 
for their products. 


The Only Cure 


The best and, in fact, the only way to help 
cure Britain’s economic ills is to help Britain 
produce more. Here the technical possibilities 
are encouraging. On the average, the British 
industrial worker produces only about 40 
percent as much a year as the American 
worker. That is a British estimate, made by 
Sir Ewart Smith. 

Wider use of better industrial methods and 
modern tools and an infusion of the compet- 
itive incentive into British industry — to re- 
place the cartel and other restrictive practices 
— would go a long way to narrow this wide 
gap in worker productivity. This is the con- 
sensus of experts on both sides of the At- 
lantic. 


Since 1948 the Anglo-American Council 
on Productivity has done much to encourage 
output per man-hour in Britain and to foster 
this doctrine with both labor and manage- 
ment. But much yet remains to be done. 


In the United States it is increasingly sug- 








gested that before we give Britain any more 
economic aid we should insist that everything 
possible be done to exploit the technical pos- 
sibilities of increased production. This em- 
phasis on production is needed. But if we 
Americans were to impose upon the hard- 
pressed British people conditions that could 
be construed as an affront to a friendly and 
sovereign nation, we might well put into the 
hands of a masterful rabble-rouser such as 
Aneurin Bevan, the anti-American leader of 
the Labor Party’s left wing, a campaign issue 
on which to maneuver himself into the Prime 
Ministership. 


Churchill Can Insist 


But Winston Churchill is not so handi- 
capped as we should be in imposing prereq- 
uisites of further aid. As Britain’s own, most 
honored leader he will raise no touchy ques- 
tions as to Anglo-American relations if he 
insists that Britain have firm plans to cure her 
economic ills, plans sharply focussed on ways 
end means of increasing Britain’s industrial! 
efficiency. 


By presenting a convincing plan to cure 
Britain’s recurring crises through great- 
er production, Mr. Churchill will greatly) 
facilitate the process of getting the aid 
his country must have. He will also re- 
move an increasingly dangerous element 
of dissension in Anglo-American rela- 
tions—the feeling of many Americans 
that more aid to Britain is more mone, 
down the drain. The way to counter that 
feeling is to come up with a prescription 
for an economic cure, not a request for 
another economic poultice. 


Technically, such a program is entirely 
feasible. It will perhaps be the supreme test 
of Winston Churchill’s statesmanship to make 
it politically feasible as well. 


In the interest of Britain, of the United 
States and of the whole free world, we wish 
him all success. 


McGraw-Hill Publishing Company, Inc. 
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In fact, we at American-Fort Pitt Spring have been making 
coil springs all kinds, hot or cold wound--spring, summer, 
fall and winter, for more than sixty years. Over the years our 
engineers have worked on almost every conceivable type of 
spring problem. In many instances their recommendations 
have helped cut production costs and improve product per- 
formance. The springs we furnish are delivered precisely as 
specified and in conformity with highest standards. When you 


need springs, the No. 1 place to think of is No. 2 John Street. 
AMERICAN -FORT PITT SPRING DIVISION 


H. K. Porter Company, Inc. 
No. 2 John Street, McKees Rocks, Pa. (Pittsburgh District) 


AMERICAN-FORT PITT 


SPRINGS 








New Parts and Materials continue 


Sensitive Dead-Case 


Thermostat 
The new insulated case of the D 
Mite Thermostat features high apa 


ity, greater sensitivity and simp! 
stallation. The dual action thermosta 


I 


rated at 500 w Capacity, has an O} 


erating range at temp ratures from 4 
to 400 F, and according to the man 








facturer it has high thermal sensitivi 
and can be calibrated to close therma 
limits A dielectric rating Of OV 
1,300 v is claimed. It is especially d 
signed for difficult anpliance appli 

tions where pre-set, fixed calibratior 


and long thermostat life are require 


The aluminum case measures 2-2 
long by % in. wide. The unit can 
] } } , f ! 

mn cho ) ninais 


pplied wit 
leads 


d 


Vl nical ld Py 


Subminiature Selenium 
Rectifiers For Military * 
Applications 


The Minisel line of subminiat 
lenium rectifiers, consists of tiny selen 
1um rectifiers in ratings ip to 
d-c output, 25,000 v a input per 

<. | } ' 
single stack, and features ( 


constructions for military at 





ial applications. Special construction 
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Sew Parts and Materials conunued 


Electric Resistance . 


WELDED 


STEEL TUBING 


[hese rectifiers a onstructed of 














Leak-Proof Valve 


{ 


Product 


¥" to 4" O.D. 9 to 22 gauge 


SQUARE-RECTANGULAR 
Ya" to 2" 20 gauge, 1" to 2%", 
14, 16, 18 gauge 


Carbon 1010 to 1025 


© 


We Did Iz Before. ' 


We rolled up our sleeves before and the whole 
world was amazed at the miracle of American 
production. Now we're at it again and 
Michigan is proud to be doing its share in this 














tion as the movement of the liquid 
illowing high or low pressures to seal 
the valve. This is said to eliminate 
leak-inducing permanent deformation 
found in previous designs based on 
the compression of a resilient member 
igainst a non-resilient seat 


The cup-shaped 


conical washer of 










has uniform strength, weight, duc- 
tility, 1. D. and O. D., wall thick- 
ness, machinability, 
ability. It can be flanged, expanded, 
tapered, swaged, beaded, upset, 
flattened, forged, spun closed, 
fluted, and rolled. Available in a 
wide range of sizes, shapes and 
wall thicknesses, prefabricated by 
Michigan or formed and machined 
in your own plant. 


and weld- 


Consult us for engineering and 
technical help in the selection of 
tubing best suited to your needs. 


great defense effort. 


Michigan electric resistance welded steel 
tubing found its way into numerous products 
for the armed forces during World War Il, such 
as automobiles, trucks, incendiary bombs, 
and airplanes. Another use was invasion line 
tubing. Design simplification and adapta- 
bility, qualities making for economical and 
faster production, were among the reasons 
why so many manufacturers turned to 
Michigan tubing. 





As we “do it again’ during the present 
defense emergency, consider how Michigan 
tubing can be applied to your product. We'll 
appreciate the opportunity of discussing its 
use, whether for defense or consumer items. 


u Sa OAM ie ime 


£ STEEL TUBE proouers co 


More Than 30 Years in the Business 


9450 BUFFALO STREET * DETROIT 12, MICHIGAN 


FACTORIES: DETROIT, MICHIGAN « SHELBY, OHIO 
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saves work—and cost— 
of hocking them up 


It used to take 25 conventional resistors, 1134 x 1% in., 
spaced on 2'% in. centers, to keep the power company 
happy. 

Ward Leonard worked out the problem with a single 
Edgeohm resistor, 19 in. long— saving all that space, 
weight, mounting and wiring. 

Here's the application: a 40-kw radio transmitter, oper- 
ating from a 50 kva transformer, made by a large trans- 
mitter manufacturer. Problem: limiting inrush current to 
avoid a severe voltage drop Sehbonned to by the power 
company) and a strain on the line contactor. 

This single Edgeohm unit is rated for continuous duty at 
2200 watts, and when used for a 15-second interval, will 
dissipate 6400 watts! 

Another example of Ward Leonard ‘Result Engineer- 
ing”, providing the desired result at a saving! WARD 
LEONARD ELECTRIC CO., 63 South Street, Mount Vernon, 
N. Y. Offices in principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
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New Parts and Materials contin 


the rand seal incorporates an imbedd 
metal plug which eliminates bend 
and warping and makes the seal I 
proof. If contaminants in the fl 
such as sand or grit, are not 
ahead of one sealing line conta 
conical shape of the seal prov: les 
tablishment of a new line of cont 
without damage to the bore | 
rubber member of the seal its « 
pounded to withstand oil, gt 
steam, water, and most ind 
chemicals 


Lightweight General Purpos 
Centrifugal Pumps 


A new line of general purpos 
trifugal pumps known as type S( 
are light in weight, easy to handk 
stall and mount, and are well suit 
for any small pumping applicats 
such as smal! cooling towers, domes 
water supply, or hot water systet 
They may also be adapted to boost 
and process pumping, or stock pu 
packing gland water supply 

The SCC pumps are of close co pl 
type. For leak-proof operation and 


eliminate frequent adjusting or gla 
repacking, they are equipped with 1 
chanical seals. Motors ar yf 
standard open drip typ Stand 
mounting is vertical, but with the 
dition of motor feet, the pumps 
be adapted for horizontal mount 
By removing four bolts, th 

pump can be lifted out fo 

nance Impellers, wearing rings 


mechanical seals are easily 

Standard pumps are bronze fitt iw 
casing and motor stand « 
grained, cast iron. Impellers and we 


ing rings are of hard bronze. The 
pellers irc dynamically balat ed 
hand fitted 

Two $izes are i\ iilabl 
tion x 1} in. discharge and 1} in. x 


inch Both operate at iSO 
Capacities range to 100 gpm at h 
to 120 feet 


Metal-Plating On Plastics 


A new method of plating met 
items of bakelite and vinylite plast 
makes possible lightweight, corros 
resistant products with hard, high-p 
ish metal surfaces. Metal-plated bah 
lite and vinylite plastics are said to 
more resilient, lighter to carry, and 
more highly resistant to heat, abras 


and weathering than solid metal. 7 
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w Parts and Materials continued 


rod tion met 


| u | 
is performed in barrels made of 
} ; + | samat Yr | 
resistant laminated phenolic plas 
Hardware, jewelry, bottle clos 
molds for slush molding doll 


; and shielding for electronic cit 


ire a few of the items molded of 
and vinylit plastics These 
pe electroplate 1 with gold silver, 
and other metals in a variety 
colors Al rasives roughen 
smooth plastic surface so that a 


bond coat of silver applied by 


nersion Or spraying, will adhere 
X hen dry, the bond coat ts tested for 
trical conductivity which makes it 
ble to electroplate objects by tum 


ng inside a perforated barrel revoly 


1a CcOpps r salt sol 1t10n A Dase 
1.+ 1! | 

ot opper plate ts followed by a 

. . ; . 

layer of the desired metal finish 
( SOn R ’ N 


Moisture Content 
Easily Determined 


\ moisture testing instrument 
edel PD 1, has been specifically de 
ned for testing — flour, wood 
vings, wood chips, sawdust and 
‘ilar Dy produ ts The principle ot 
gh frequency power absorption gives 
1¢ model PD 1 accurate testing to zero 
cent moisture. The instrument has 
penetration of 3 in., is portable and 


ple to operate Moisture content 
letermined by pressure of the gun 
trode against a sample of the ma 
al, preferably placed in a small 


ytainer such as a wide-necked glass 
The instrument operates with a 

ss of the thumb and one reading 

oi reas 


ly 1s requ o aetermine moisture 


rtent 


Reinforced Plastic Sheet 


Dynakon GIA a medium high 
ngth glass fiber reinforced plas 
} 


heet} has been designed for a sheet 
rmediate in strength between A3A 
whining and electrical grade sheet 
1 E1B high-strength sheet. GIA 
lso has good 


properties for stressed 


pucations in the electrical chemical 
1 appliance field, and is suitable for 

in making luggage and _ trunks 
nsile strength is 19,000 psi, com 
essive 24,000 psi, impact is 15 ft-Ib 
1A is resistant to acids, salts and 

alkalies as well as to organic sol- 
nts. Water absorption is 0.30 per 
Among the electrical properties are 
lectric strength, 325 v/mil: arc re- 
tance 120 sec; and power factor, 4.7. 
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Solenoid Contactors 


eee AcE or D-C... multi-pole 
construction ...many more uses 


Now you can get fast, positive, consistent operation on 
a wide range of load and control circuits... from the finest 
design of solenoid contactor on the market. 

This new Size O a-c contactor brings Ward Leonard's 
line of solenoid contactors into the 15 ampere range. And 
it comes with as many as 5 poles. Double-break silver 
contacts may be interchanged to form normally-open or 
normally-closed contacts as desired. 

Operating coils are interchangeable with Size 1 con- 
tactor coils. Available also with d-c “power plants”. 

Write for Bulletin 4458. WARD LEONARD ELECTRIC 
co., 63 South Street, Mount Vernon, N.Y. Offices in 
principal cities of U. S. and Canada. 


WARD LEONARD 
ELECTRIC COMPANY 
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NEW ALL-METL 
BARRYMOUNTS 


for Unusual Airborne 
Applications 





These new Barrymounts provide the 


aircraft and electronic engineer with 
a vibration isolator designed to meet 
the unusual temperature and envi- 
ronmental conditions encountered in 
high-altitude, high-speed flight. Em- 
ploying no organic materials, these 
mountings are not subject to tem- 
perature influences that may affect 
the performance of other mountings. 
»ALL-METL Barrymounts offer a 
wide load range with uniform per- 
formance. They have a natural fre- 
quency of about 7% cycles per second, 
with low horizontal stiffness for maxi- 
mum isolation of horizontal vibration. 
Transmissibility at resonance is only 
4%. There is no snubber contact nor 
resonance carry-over when ALL- 
METL Barrymounts are vibrated at 
government-specified amplitudes. 

These mountings are designed espe- 
cially for unusual military condi- 
tions. They meet the vibration re- 
quirement of JAN-C-172A, MIL-E- 
5272 (USAF), and MIL-T-5422 
(BuAer). For details of sizes, ranges, 
and construction of unit mounts and 
using ALL-METL Barry- 
mounts, see catalog 509. 


FREE CATALOGS 


bases 





@ 502-Air-damped Barrymounts for 
aircraft service; also mounting 
bases and instrument mountings. 

@ 509 — ALL-METL Barrymounts and 
mounting bases for unusual air- 
borne applications. 

@ 504 — Shock mounts and vibra- 
tion isolators for marine, mobile, 
and industrial uses. 

@ 607 — How to cut maintenance 
costs by using Barrymounts with 
punch presses. 














Wd VIBRATION Ni 


TROL OF SHOCK AND 


*“RUGGEDIZED” 
BARRYMOUNTS AND 
MOUNTING BASES 


Now Available to Meet Shock 
Requirements of AN-E-19 


Barry vibration isolators and 
mounting bases are now available 
in “ruggedized” construction, to with- 
stand the severe shocks of arrested 
landings in aircraft carrier service 
and of crash landings. These units 
are tested to meet the shock-test re- 
quirements of Specification AN-E-19, 
for the _— sizes listed in 
JAN-C-172A 








“‘Ruggedized’”’ Barrymounts are 
available in both the air-damped type 
and the ALL-METL type. - Air- 
damped Type 770R covers load ranges 
between % Ib. and 9 lbs. Air-damped 
Type 780R covers load ranges be- 
tween 4 Ibs. and 35 lbs. ALL-METL 
Type 6600R covers load ranges be- 
tween 4 Ibs. and 35 lbs. Type M-112R 
covers ranges between 2.and 10 lbs. 





L. 

“‘Ruggedized’”’ mounting bases, 
equipped with Barrymounts of the 
above types, are available in stand- 
ard JAN sizes (JAN-C-172A) and 
in special sizes to meet customers’ 
requirements. A conspicuous advan- 
tage of these “ruggedized” Barry 
bases is the gain in strength of the 
base framework itself — beyond JAN 
equirements — achieved with very 
little increase in weight for loads 
up to 60 Ibs. by design modification 
of standard JAN bases. For greater 
loads, the “ruggedized’”’ Barry bases 
are of stainless steel instead of 


aluminum. Write for data sheet. 
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riectric Constant 1s $40 ane F 


cific gravity 1s 1.49. Sheet size av. 

able at this tin 1c is 18 x 28 in. in thicl k 

nesses of ;';, 4, ;*;, 4, § and 4 inch 
Dynal ( Hon 1 


( 7 () 


Reversing Drum Switch 
For Small Motors 


This new, 
switch, 


ompact reversing ar 

suitable for a variety of ar 
shops, is thn 
dou ble throw 


switch. It is a small, si mply designe 


rangements in small 


equivalent of three pol 


switch for machines and « quipment tf 
quiring an across the line starting ar 
reversing switch for a-c and d-c motors 
rated at two hp or less 

The housing is of bakelite, and con 


tains eight fixed contacts, a moving 
handlecover plate 


contact assembly, 





g screws. Con 
, 
alloys. redu 
bility in mount 
Typ eal app slications 
nachines, lathes, mill 


assembly, and mountin 
tacts are cadmium silver 
ing maintenance. Flex: 
ing is provided 
include drilling 
ing machines, and laboratory equip 
ment 

The switch, called the model 350 
style A reversing drum switch, is said 
by the manufacturer, to be well suited 
for applications where space and cost 
are important factors 


ilen-Bradley ¢ Milu aukee, Vi 


Foam Core Material Is Strong 


Cortoam, a new liquid phenolic 
resin foam core material, has a com 
pressive strength up to 500 psi. When 
mixed cold, it will foam to a hard 
consistency without applied heat at 
rooin temperature. It is of honeycomb 
appearance with tiny globular, non 
— cells, and has a density of 
approximately 14 Ib per cubic foot 
Corfoam can be foamed in large 
masses without loss of cell control or 
undue shrinkage. It will not soften 
under heat and tests show it has excel- 
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Illustrated are a few of the thou 


, , , 
sands of spec talized Jasteners and 


ied dew: j > ‘ 
Billed BeviceSs aesigned ana pr 


duced in volume by Un:ted-Carr 


~~ S 


, , 
and us Subsidiarie 








ea h tailor- 







made to do a par- 
ticluar job Jor a par- 


; 
ticular manufacturer, 


) —_——s a 
‘ ‘ ie ; ; they provide convincing proof of 
| We've done it for the nation’s leading manufacturers in the auto- | ,~ / ne oe a 
: ‘ , : the versatiilily and completeness 
mobile, electronics, appliance, furniture and aviation industries. : f 4 


of United-Carr service. If there erie 


And that's only part of the story. Our field representatives, all trained 
° - are opp rlhunity im your busine j 


specialists, work in close collaboration with your own engineering 








‘ . | fo cut mate rial ¢ ts, peed assem- 
staff, solving particular fastening problems on the spot or, when ss nt. 
~ , + bl) Z ap p auct p f NanCE 
totally new fasteners are needed, calling on United-Carr’s Engineer- dathaes tied siamese: on! niles 
> 4 : : d ith sonun {/) ipineered Jastene 
. ing Department. Here, a group of design engineers whose experience : wRarY ENEINCETE mers, 
covers the entire field of fastener engineering goes to work on the you may be sure that United-Carr 
‘ problem and relieves you of all the costly trial-and-error experimen- is equipped to find and develop 
tation involved in designing a new part. them to your best advantage 
n 
j | 
x | 
UNITED-CARR FASTENER CORP., Cambridge 42, Mass. 
MAKERS OF FASTENERS 
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FOR YOUR 


STAINLESS STEEL FASTENERS... 
ws ALLMETAL 


for quality 









delivery 


the leading source for Stainless 
Screws, Nuts, Bolts, Washers, 
Pins, Rivets. Made right, Priced 
right. “AN” and ‘Standard Types 
carried in stock. Phillips Recessed 
Head Screws and Specials avail- 
able too. 










WRITE FOR CATALOG F 
MANUFACTURERS SINCE 1929 





A S&S 
AS ’ SCREW PRODUCTS COMPANY, INC. 
“Srent®” 33 GREENE STREET NEW YORK 13,N. Y. 











14 sizes — %” to 4” O.D. — in stock at all times 
for immediate shipment. Facilities and engineering 
skill immediately available for special specification 
jobs 





Specialists in Universal Joints for over 30 years, 
Curtis offers more than just time saving availability. 
Made of the finest alloy steels, accurately machined 

with either solid or bored hubs — they may be 
easily applied to most universal joint needs, ranging 
from instrument controls to heavy steel mill appli- 
cations 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES 
Availability — 14 sizes alwoys in stock. 

Simplicity — fewer ports, simpler construction. 
Government Tests — compiete equipment for govern- 


ment tests in our plont 


dote and price list 


CURTIS UNIVERSAL JOINT CO., INC. 


11 BIRNIE AVENUE SPRINGFIELD, MASS. 


As near to you as your telephone 


Cc Write today for free ergineering 
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New Parts and Materials conunue 





insulating characteristics. It ha 
vo rd ad sion to Wood | tf 
most plas iw ws Ippo oO 
stron | oO 0 pi ) 
OW 
| / l 
i ( 


Precision Speed Control 
For Magnetic Drives 


Offering accurate control of s} 
at as . ecmliRoas Sun ins 
with no maintenance prot i@m, the new 
regutron magnetic amplifier controll 
is used with the adjustable speed mag 


netic drive unit, also produced by th 
ompany. The drive unit is an electro 
magnetic torque transmitting devi 
which gives variable speed outp 
when used in combination with a con 
stant speed motor. 

This magnetic amplifier control 


said to eliminate all the complicated 





; Nae: ; : 
electronic circuits of other amplifiers 
A saturable core reactor amplifier sys 
tem, using non-moving parts gives a 


tr 


rol of speed to 
within +0.5 percent of the speed 


illed for. This sensitivity is obtained 


; ten! 
11@ Ste P iess on 


ough a current amplification ratio 

of approximately )000 to 1 

Adjustable-Speed Magnet Drives 
ult im ratings of 25 hp and 


gher in th isual motor spee 1s 
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MEETINGS 














PLANT MAINTENAN ( 
NCI & SHOW ( Hi 
SOCIETY Of} \ EN« 
ERS —A Meeting, H 
Book ( H D 
SOCTII | ( | 
( | \ IN 
Cor I I 
H Ch l 
l \ N le Si 
NY \ Mf \ 
H N. ¥ 
| 
AMI I¢ NY SOC! | \f 
Midwinter Tech M f \ 
Penn H | | 
M 
INSTITI OF R | 
Waldorf-Astoria H ( 
Central Pal New ¥ 
March 3-7 
ASTM SPRIN( MPEI NC \ \ 
POSIUM ON TESTING METAL Pow 
ND METAL Proput Hi S 


Mar h 11-14 

SOCIETY OF THE P! 
rkY—Fifth National Pla 
tion, Convention Hall. P 


Pa 
March 17-1 
FLruip MECHANK S i M 
western Contere Ohio Stat I 
rsity. Col 5 © 
March 17 
AMERICAN SOCIETY OF TooL EN« 
NEE! l In 1 Expy ( 
Internatior An ( Oo 
1] 


STEEI FOUND! SOCIETY Of 


April 1-4 
AMERICAN MANAGEMEN \ CIA 
ION PACKAGING SHOW 4 


City, N. J 
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looking for someone 





to place painted phenolic parts 






in your hands? 






Plastic Research Products’ service fe muct ‘ 






than mass production facilities for pre }. Witha 






job such as this painted phen RCA radio cabins 






















example, P R P does a complete job. We are one of a very 
2 
thas , : , , 
mee 6few firms in the industry equipped to produce the piece, paint it, 
ros 
ee _. :, 
et and bake it in our own big-capacity ovens, tt é } 
is 
e | 
a handling, breakage and extra-operation shipments. Our own 
is 
ee fleet of trucks and planes delivers the finished work right 
+ 
ee 


into your hands. If you are interested in 


these extra services, write, wire or y.@) 





telephone us for information 


when you look 
*s for plastic moldings 
look first to 
Plastic 
Research 


Products ee. 
Urbana, Ohio 











YOU GET THESE 5 ADVANTAGES 


when you use Star-Kimble Squirrel-Cage Motors 


Sturdy construction. Frames through NEMA 364 are of 
rigid cast construction, with more internal ribs than are 
used in conventional design, giving added strength and 
better heat dissipation. Larger frames are made of steel. 


Simplified maintenance. Double-width cartridge bearings 
are prelubricated—need no attention for many years. 
Versatility of mounting. Standard NEMA horizontal, D 
Flange, C Face, P Ring. Motors through frame 320 can 
be made dripproof in any mounting position—simply by 
rotating end shields. 

Extra insulation. Safety factor is provided for possible 
rises above rated temperature—motor life is lengthened, 
maintenance reduced. 


irt-catching crevices. Fewer basic parts—greater inter- 
changeability. Basic parts stocked for immediate shipment. 


Qi: design. Lines are smooth, with no dust- and 


Star-Kimble Squirrel-Cage Motors are available in NEMA frames 
203-505, and in NEMA Designs “B”, “C” and “D.” Also in 
larger sizes. Write for Bulletin B-201. 


*Demanded by industry for 
tough start-and-stop jobs 


-KIMBLE 


MOTOR DIVISION OF 
1EHLE PRINTING PRESS AND MFG. CO. 
211 Bloomfield Avenue Bloomfield, New Jersey 
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ABSTRACIS | 





Application and Function of 
Gear Oil Additives 

Abstracted from Lubrication, April 1951 
Published by The Texas Company 


A GEAR OIL ADDITIVE may be define 
as a chemical ompound which either 


mparts new properties to the lubricat 


ing mixture or enhances the proj 
ties which the oil already has 

In the formulation of gear lubricar 
the additives generally used fall int 
fairly well defined groups depending 
on the type of gear and the conditior 


of operation involved 
Type l No additive 

Straight mineral oils give satisfa 
tory servic on many types ot g 
under normal operating conditions 
light load and low or high speed 
l'ype 2—-Non-corrosive type, sulph i 
ized fat additive 

A gear lubricant containing a sul 


phurized fat such as lard oil is speci 


fied for spur, bevel or spiral bevel 
gears for “run-in” or “break-in” pur 
poses. After the initial fill a straight 
mineral oil is specified for normal 
operating conditions 

With sulphurized fats, it is intended 
that sulphur be available to prevent 
welding by forming iron sulfide at 
the metal to metal peak contacts. Th 
sulphur must be sufficiently stable to 
prevent staining of copper and brass 
hence the ‘non-corrosive’ designation 
Type 3—Non-corrosive type, lead 
soap, sulphur, phosphorous, polar 
agent (optional) 

This class of gear lubricants is in 
tended for many types of gears operat 
ing under conditions of high load 
and /or speed. The additives must be 
chosen to be active chemically under 
these conditions. Welding at high 
temperature is prevented by the forma 
tion of an easily sheared film of iron 
and lead sulfide and also by the forma 
tion of a low melting point phos- 
phorous alloy. In this manner, welding 
is prevented over a range of operating 
conditions. Oftentimes, the mere pre 
vention of welding is not sufficient 
for satisfactory lubrication and a polar 
compound must be used to reduce fric 
tion and afford acceptable operating 
temperatures. 

Type 4—Corrosive type, lead soap, 
active sulphur 

The adoption of the hypoid gear 
by the automotive industry for high 
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aNEW FASTENER 


YOU CAN’T SHAKE LOOSE! 
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St | 
pe 
« vel 
pur 
ug Tt RE is no other fastener or lock nut like this! No other 
emai fastener or lock nut will do what a Security Locknut will do 
; If you were to design a lock nut it would have the features of 

} ; P : Fe 
nded Security. It stays put where you wrench it even in face of 
ven vibration that would wreck the bolt. 
- It does not require bolt tension but stays in place on a 
Uh A loose bolt. It can be readjusted, removed and replaced, not 
le to 15 times, not 100 times, but avy number of times without 
cass materially reducing the torque or locking power or injuring 
er the bolt. It is a complete unit—no extra parts to slow up in 
lead Look at the picture just above. This shows stallation—nothing to line up—nothing to shear—no threads 
polar a@ cross-section of a Security Locknut. The to cut—just a simple nut, made perfectly to specifications for 
— “agoeges ye — —— standard bolts. 

>= eneve ihe nut, is of Tigh quently, heat Once in place no Security Locknut has ever been set 
erat treated, alloy spring steel and becomes a . ae ’ 

‘ spinning. It is vibration proof. 

load permanent part of the nut. ee tat 

The insert acts purely as a locking de- Authoritative tests have proved conclusively the gripping 
st te vice. The load is borne by the nut, not the | power of Security Locknuts. We'd like to have you see the 
inc insert. The insert is elliptical in shape and | results of these tests. !f you have a vibration or fastening 
high this design causes the retainer to grip the problem, Security Locknuts are the dependable, positive solu 
ema bolt with the terrific tension that only | tion. Made in 44 to 23/4, in. bolt sizes, both U.S. and SAI 
iron spring steel of great cece Here's om easy threads. Ask to see the Security Locknut tests 
rma strength — orgy Ne way to arrive at thread toler- 
shos- prevent the nut from ance figures. Ask for o Security 

turning. Simple —de- Thread Tolerance Chart. Just SECURITY LOCKNUT CORPORATION 
ic ing . spin the dial ond you hove the mm 

Mae pendable—positive! figure you need. Send the covu- North Ave. and 15th Ave., Melrose Park, Ill. 
ating pon. It's yours for the asking 

pre ia acta aa ca ai aa rere eeeee 
cient : SECURITY LOCKNUT CORPORATION 

olar : North Ave. and 15th Ave., Melrose Pork, I!! 
pe .: 5 Please send me without obligation 

Iric 3 ~ “fT ) One of your Thread Tolerance Chorts 
ating & We have a fastener problem and would like to know more 

| wt Security Locknuts 
| Address 

gear Town Zone Stote 

high i Signed 


a = 
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HAYDON | 
AT TORRINGTON Zl 


HEADQUARTERS FOR 


TIMING 





SYNCHRONOUS TIMING 


MOTORS and TIMERS 


for 
eo Undustriial 


0 UWilit 
400 Cycle Motor * Commercial Uses 


HAYDON” research and engineering staffs constantly 
seek to develop new and build better products. One 
example is the HAYDON 400 cycle timing motor. This is 
an hysteresis type synchronous timing motor, for use as 
a separate motor or in many different types of timers. 
HAYDON personnel and plant are equipped to build 
motors and timers using D.C., 60 cycle or 400 cycle for 
military or civilian applications. 





HAYDON manufactures a wide range of dependable timing 
motors notable for their small size: quiet operation; total en- 
closure; separate systems for controiled lubrication of rotor 
and gear train; ability to operate in any position. Standard 
speed range from 60 rpm to one revolution in 7 days. The 
HAYDON motor is the basic element for standard timing com- 
ponents and custom-engineered timers designed and manu- 
factured by the company for volume applications. 


DESIGN INFORMATION 
HAYDON will glodly send you 


technical data on request. 







® TRADEMARK REG. U. S. PAT. OFFICE 


HAYDON Manufacturing Co., Inc. 


Subsidiory of GENERAL TIME CORPORATION 
3125 ELM STREET 
TORRINGTON CONNECTICUT 
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speed low torque condition req 
a gear lubricant that would p 
welding where gear tooth press 
high, coupled with a pronounced 
ing effect. To do this it has 
found necessary to choose additiy 
prevent welding but—the tempera 
and rate of formation of the 
sheared film must be regulated 
controlled. This can be done by 

a lead soap and active sulphur. 17 
class of gear lubricant causes a | 
wear under high torque—low s; 
conditions. The active sulphur 
bound in a rather loose chemical 1 
ner and controlled to be availabl 
the required temperature and in 
proper amount. When present at 
high level of activity copper will st 
This type of lubricant is particul 
effective when shock type loadin 
factor. 


re 


Type 5—Non-corrosive type, chlor 
sulphur, phosphorous 

With the widespread applicatior 
the hypoid rear in passenyg if 


truck service—high speed low tor 
and low speed high torque condit 


it was mecessary to modify 
lubricant described in (4) to a 
modate the more severe condition 
tooth pressure Wiping action an it 
perature and to prevent we 

In the formulation of lubricants 


this service, additives containing cl 
ine, sulphur and phosphorous ar¢ 
ployed. The essential variation f 
(4) is that the formation of 
chloride which prevents welding 
catalyzed or speeded up by s 
erating conditions. The role of pl 
phorous is similar to that previo 
described. 

Type 6—Non-corrosive type, lea 1 si 
sulphur, chlorine, polar compo 
(optional ) 

This type of gear lubricant is sin 
to that in (5) since the lubrication 
hypoid gears is the primary purp 
From an additive standpoint the pr 
cipal change is the inclusion of a k 
soap and the omission of phosphoro 
There is evidence that it will har 
more severe operating conditions tl 
the conventional Universal G 
Lubricant. 

Th 5 differe nce can be shown in « 
trolled road testing procedures. It | 
been found that a lubricant which w 
give satisfactory service in a sev 
road test involving a 1} ton tract 
trailer anit (24,000 pounds gross) « 
erated at 19 MPH average over mo 
tainous terrain for 3000 plus n 
will not necessarily pass 2-105B 
quirements. This statement is 
made from the standpoint of criticis 
Instead it is believed to support 
theory that gear lubricant additiy 
must be chosen on the basis of che 
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ALLOY STEEL UNNECESSARY! 
cH 

a COSTS CUT IN HALF 
Bi win eam 


Obtained... 



























FOWR Ground and Polished STRESSPROOF has been used for lead and 
feed screws by Kearney & Trecker since 1939. If STRESSPROO! 


OPERATIONS Va were not available, they would need a .50 carbon-alloy ao 


’ obtain the required strength and wear-resistant properties 


ELIMINATED stitution ef alloy would require quenching and tempering, straight- 


ening and finish grinding— operations not necessary with Ground and 


@ QUENCHING he 8 STRESSPROOF. The cost of the part would be more than 
aoubtied, 


@ TEMPERING For precision work, lead and feed screws for machine tools must 


maintain their accuracy through years of operation. Ground and 


@ STRAIGHTENING Polished STRESSPROOF cuts cost for these exacting parts because 
‘a @ FINISH GRINDING it provides five qualities in the bar |) high strength, double that of 








S ordinary cold-finished shafting: (2) machinability, fully 50°: better 
v4 than heat-treated alloys of the same hardness: } high resistance to 
f wear, replacing many heat-treated or carburized alloys: (4) minimum 


warpage, obtained by Spec ial pro essing: and 9 accurate, finely ground 





surface. 

It is significant that the only suitable substitute for STRESS- 
PROOF is an alloy steel requiring many additional expensive pro- 
duction operations. 


1430 150th Street, Hammond, Indiana 
Manufacturers of the Most Complete Line of Cold-Finished 
and Ground and Polished Bars in America 












TRESSPROOF 


IS PLAYING A VITAL ROLE 
IN NATIONAL DEFENSE! 


\ very large proportion of 
STRESSPROOF produc- 
tion, today, is going into 
defense jobs. However, 
sample bars are available 
for testing purposes. 
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HEATING 
SYSTEMS 
























Heat Duct 
Connections 








































ducting problem in low pressure heating 4 
pr em can be solved by a —— bi } 
V-Band Coupling em capmr ange capes. , L 

emall type coupling (series ¥ 
pong io from 4” to 8” and the 4 _ AL 
(Series #4451) for diameters of pit os th 
will withstand temperature — ety yu 
450°F and operating pressures of vf = _ 7 
provide a highly efficient —— oe i : 

patented Quick Coupler type latch spe a: 
duction and simplifies maintenance. ‘ 
FOR INFORMATION, WRITE DEPT. E-1 \ 

pe 


/ 
i 
by 25 a 


Mion toe 


3940 W. FLORENCE AVE 
INGLEWOOD, CAL/FORNIA 
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STANDARD CLAMPS FOR SPECIAL J 
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Engineering Abstracts continu 
ical activity and this property must 
fitted to predetermined operating « 
ditions to obtain best results 


Problems of Plating 
Powder Metal Parts 


Abstracted from “Problems of Platir 
Powder Metal Parts” by J. D. Shay 
W. V. Knopp and C. L. Clark, Metal Fi 
ishing, November, 1951 

THE PROBLEMS ENCOUNTERED in 
tempting to plate a metal powder pa 
are numerous, and this discussion mu 
therefore be somewhat limited. In tl 
course of practical application of pla 
ing processes to powder metal par 
other problems will arise which are n 
covered herein 

The types of powder metal part 
can be broken down into three genera 
classifications. These may be calle 
for simplicity ; (a) porous parts; ( 
dense parts and (c) intermediate part 

If porous parts were to be plate 
(which fortunately is seldom required 
it would seern more feasible to plat 
the particles of powder, if possibl 
rather than to plate the finished obje 
Even under optimum circumstances, 
considerable percentage of the void 
would be covered during any plating 
operation, and this condition would 
resu!t in an impairment of the actua 
functions of such parts 

Since it is an advantage to have 
much open network within such com 
pacts as is feasible, if it is necessary for 
these products to be used in a corrosive 
or erosive atmosphere or liquid, expe 
rience indicates that they should | 
made of corrosion or erosion-resisting 
powder materials, rather than depend 
on a plated surface for these properties 

The job of plating completely dens« 
structures is no different from that of 
plating a cast wrought, forged or 
machined part. In other words, plat 
ing of a powder metal structure with a 
dense surface would be handled by th« 
same technique as would the plating 
of any massive part. 

Parts of intermediate porosity 
the ones which are not intentionally 
porous, but which do have a certain 
degree of porosity as a result of the 
practical limitations placed on the pro 
cessing (which means they may be any 
where from 85-95 of theoretical 
density) and because they must be 
made at a relatively low cost and from 
a relatively inexpensive material. In 
this category would fall the so-called 
powder metal machine parts, the parts 
which are being substituted on a 
straight cost basis for parts made by 
other processes. These machine parts 
not only have porosity within the com 
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prepaid” by manufacturers, 


using the product. 


© LE Co. 1951 
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PROPER DESIGN IN 
WELDED STEEL ALWAYS 

Fig. 1. Original Construction of gear 
motor housing. Required 90% more 
machining. Weighed 175% more 
than welded steel. 

Fig. 2. Present Weldesign in Steel. 
Costs 50% Jess. Further saves shipping 


IMPROVES PRODUCT 
AND LOWERS COSTS 


costs 


HERE 
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THE LINCOLN ELECTRIC COMPANY 
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“Herible METAL 
COUPLINGS 


FOR POWER TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Dise Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
Y2 to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 
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Lubrication is 


PATENTED NOt re 
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FLEXIBLE 
DISCS 

















THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT, 


NO MAINTENANCE PROBLEMS, 
ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER, 


Write for the latest reprint 
of our Engineering Cotalog. 


THOMAS FLEXIBLE 


eelti tai, icheek 


WARREN, PENNSYLVANIA 
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pact 


amount 


sring Abstracts 


continued 


they also have i ertall 


of surface porosity 


In most cases, it is not practical fror 
a cost standpoint to coin thes part 
in order to close over this surface po 
rosity A number of methods have 
been attempted for plating such parts 
with most of these methods | 
based on losing the surface porosit 
by some means so that plating can 
done over the surface without penetra 


tion ol! 


of the 
| 


plating solution into the por 


compact. The methods of clos 


ing the surface Of a compact tnciuc 


HOsec 4 
I 
pound 


pact to fill 
make the part amenable to convention 


il plating. 
Since 


powder parts is the intermediate one 


whe r¢ 


parts ( 


preatest 


Article 


methods which are used in practice 


I 
(a) that of heat treatment of th 
face ised for ferrous parts a 1 (b) 
that of mechanically working the sut 
face, for brass powder parts Both 
methods have been used with some 


aa ¢ 


| ri¢ fly 
graphs 
One 
f owde [ 
lymina 


t10n Mm 


1" ' , 
yt physi ally working th 

of coating it with some con 
ind of heat treating th mn 


up the surface voids and 


1 | 
the argest ategory in metal 


+} 


here is unintentional porosity 


yf this type have received th 
attenion in respect to plating 


} 


s have been written describin 


h } } 


f success, although beth at 


Ol 
These two methods are 


described in the following para 


5 | 
pro ess suggested ot plating 
cate well lirected 1 rd 
metal parts dirc oware 

ting the “spotting out’ condi 


mally encountered. The meth 


1 involve heat treatments to 


5 
emov lual pla g salts. In his 
lescription, he states that the plating 
of porous metal parts involves a nun 
er of special problems among which 
(1 pressed and sintered part 
have a velvety rather than a glossy fin- 
ish, due to their irregular surface, and 
the surface porosity makes it Liftie lt 
» obtain a uniform deposit of plating 





tal, (2) the difficulty of completely 
ealing he face of such parts by 
| ing en ind '>) the danger of 
internal corrosion caused by entrapped 
iquid oO ilts from the ¢ Olyte 
A proprietory method of latir 
powd etallurgy parts cal 1 “Eto 
lizing was developed to overcome 
these difficulties. Actually, three meth- 
ods are possible ; 1 the le ropiat 
ng of a ‘green’ unsintered compact 
followed by washing, a neutraliz 
id dip if red, and then s 
n the 0 i in n oO if 
i ». the short presinter f 
on pa fr tO it } 
igth and clean its surface 
y electroplating, washir 
f required, and fir 
1e compact to the f 


Prot 


pay LESS 





precision OA 


metal parts So 


made by 
TORRINGTON 





Low cost for precision quality, fire 


finish, uniform heat treatment is as 
sured by our high productive capacity 
and special equipme nt 

Typical of a wide variety of parts 
re spec ial rollers, shafts, studs, dowel 


nins made to ordet 


Chamfer, radius 
aper, hemispherical and other styles 
cf ends. Rollers from .014” to .500 
diameter. Centerless ground .040” to 
500” + OOOL”. 


diameter tolerance 


Finish as fine as 3 micro-inches. Dowel 
pins from .0625” to 3125”. 

We are also set up to make such 
parts as surgical and de ntal instru 
ments, pen and pene il barrels, solde1 
ing iron cases, spec ial needles, instru 
ment shafts and pivots, screw driver 
and ice pick blades, knurled mandrels 
or spindles etc. 

Send your prints and specifications 


today for prompt quotation. 


THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street * Torrington, Conn. 


Makers of 
TORRINGTON 4//7/; BEARINGS 
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ineering Abstracts continued | 


g operation, 3. the electroplating 
a fully sintered part, and then a 
rt heat treatment to volatilize resi- | 
| salts from the pores. Essentially, 
claimed that method 1 can be used 
high and heavy section parts and | 
S particularly adaptable for parts | 
h are to be oil impregnated for 
lubrication 
SCOTT describes work conducted on 
ting at The Illinois Lock Co. The 
ts plated were brass lock parts | 
lich were given a chrome plate 
The porosity in the metal powder 
ts is reported as the main source 
difficulty encountered. Reduction 
the surface porosity by impregna 
yn, re-coining and hand or mechan- 
il burnishing were found to be im 
uctical from a cost standpoint. The 
wo types of trouble caused by porosity | 
were eliminated by a set cycle 
esulted in successful plating of the} 
rass powder parts | 
The low conductivity of the metal 
part was the most difficulty 
With low conductivity it was difficult 
to obtain uniform distribution and ad 
esion of the nickel and chrome coat 
ngs. A base coating of copper plate 





and 


serious 


Was used. 

The porosity also resulted in retained 
oil and acid in the pores which makes 
extremely thorough cleaning methods 
necessary. If not thoroughly cleaned 
the plating will be attacked from un 
lerneath immediately the plate 
will soon flake off 

Development work done at The 
Illinois Lock Co. eliminated these two 
dithculties by a cycle which included a 


and 


base coat of copper and a variety of 
leaning steps, all of which were care 
fully controlled 

A third article of 
terest was that prepared by Graham 
Pinkerton, Anderson and Reinhard 
[hese co-workers studied the plating 
of powder metal parts at the New Jer 
sey Zinc Co. by running a 
preliminary tests on the plating of 
85-15 brass parts nickel-chro 
mium ,and copper-nickel chromium 
The chief difficulties were ‘‘drag-out,”’ 
i.e. contamination of plating baths by 
naterial retained in the pores of the 
ompact, and “‘spotting-out,” i.e. cor 
rosive reaction between the electrolyte 
etained in pores and the plate. These 
lithculties were attacked, with varying 
legrees of success, by the following | 
teps in various combinations 

A. Mechanical Working of the Sur 
fate 
B. Elaborate Cleaning and Rinsing 
/perations 
C. Copper Plating 

D. Bufhiing of Copper Plate 

E. Copper Cleaning 


considerable in 


series of 


with 
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xactly to specification 
— you Can depend on it! 


Begi £ vit t t 
I 

‘ Ip t 
the f ¢ I 
, : 

packing 

laborat 
+ 1] + ’ 

4 4 ai ? 

exact ¢ t I 

prope t { 

the ' 

Thi lally « plet t 

is p because Trost 

perfor all of the p 

operations in both leat 

and rubbe tanning 

‘ pounding 


designed and built withir 


the Trostel organizati 


The result is a better packing 
or oil seal specifically 
engineered and produced 


for a definite operating 


requirement 


We invite your 


ALBERT TROSTEL 
General Offices and Packing 


Sales Offices. Houston @ Los Angeles 


SYNTHETIC 
RUBBER 
PACKINGS 


SYNTHETIC 
RUBBER 
OW SEALS 
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1401 UNION STREET 


Laminated shims peel off in .002” layers 
for adjustment purposes and thus provide 
© variable spacing device in the ossem- 
bly of machinery components. 


Laminated shims represént sound design and engineering 
practice. They meet the acid tests of speeded production, 
lowered costs and field performance. 


Today the health of our economy—and the reputation of 


an individual business—can depend upon a relentless search 
for time and money-saving methods. 


.002 inch accuracy with 
easy machining tolerances 


spacing adjustment at the 
job without precision 
grinding or machining 


CUST.OM SHIMS 





up to 30% reduction in 
assembly time 


a built-in adjustment for 
take-up of service wear 


We're going at top speed working on the defense 
program. Whether we can help you now—or whether 
you're just thinking of long range economies, send 
for our free Engineering Data File. 


LAMINATED SHIM COMPANY 


INCORPORATED 


SHIM STOCK STAMPINGS 





GLENBROOK, CONN. 
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I Plating with Nickel or N 
Chromium 

The test results, which were s 
what inconclusive, are summarized 
Graham, et al. as follows 





l. The procedures described ap 
to 85—15 brass 

2. The actual plating area is n 
larger than was calculated 

cause of voids and Surface po 


ity, as was demonstrated w 





an attempt was made to pla 
a predetermined thickness 

3. Variations in compacting pres 
were not found to be im} 
although slightly denser 


% 


yacts were more troublesome 


| 
process successtully, prot 


cause Of greater difficulty 
cleaning and rinsing relati 
smaller pores 

t. The following precautions w 
investigated in an uttempt to | 

vent drag-out with consequc 

contamination of plating so 

tions 

a. Prolonged cold water rins 
(not satisfactory ) 

b Alternate hot and cold w 
rinsing (better than (a) 

c. A weak neutralizing dip pr 
to hot and cold rinsing w 

most effective in reduc 

drag-out’’ and also aided 

preventing 

It was found that 

standard untreated specimen may 

ten times that with a similar px 

treated to reduce surface porosity 


spott ingr-Out 


drag-out”” wi 


It was found necessary to use a go 
anodic alkali cleaning agent in 
cyi le if pores were to be cleaned effe 
ively 

The following methods of closit 
surface porosity were investigated 

1. Impregnation—cost made it 

practical. 

2. Mechanical Working 

A. Hand brushing—ettfective 
B Re pressing 

C. Ball burnishing 

D. Polishing or buffing 

It was found that (D) was mo 
effective, followed by (C) and (B) 
that order 

It would seem that a plating tec! 
nique for porous powder metallurg 
parts must be worked out for ea 





individual case. The porosity of 

powder metal part is the factor th 
creates the problem in the platir 
process When the conventional pl] 

ing techniques are used, two types 
difficulties are encountered; a) t ' 
porous part 1S low in conductivit , 
which makes it difficult to obtain 
uniform distribution of plating 


b) the retention of oil and acid in tl 


pores results in “spotting out 
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TIVIIeLla Gene and Aluminum 
‘ DIE CASTINGS 


in Gear centers, bolt holes, strengthening ribs, bosses, lugs 





and cavities are all included in the frame die casting here 
illustrated. 


The Madison-Kipp die casting process is ideal for pro- 
ducing the “special” shapes that offer the designer such 
marked manufacturing advantages and often at substantial 





it savings. Please send all inquiries to our home office in 
Madison, Wisconsin. 


. MADISON-KIPP CORPORATION 


206 w TREET, MADISON WIS., U.S.A. 

AUSESA S$ : SON 10, WIS., U.S e Skilled tn DIE CASTING Wlechanica 
| ses, Belgium, sole agents tor Belgium, Tethena, Voonee. © Experienced ca \UBRICATION Exgcncering 
and Switzerland 


WM COULTHARD & CO. Ltd., Carlisle, England. sole 





; 0 Ouiginators of Really 
agents f England. most E a t dia, Aus- , 
tralia and New “Zealan : a ee roe Wigh Speed AiR TOOLS 
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STEEL MERCURY TIMERS 

















J 
ed 
a 
See t } r ‘ ‘ a r ftributor or 
= ad rf 
Durakool, Inc Elkhart, Indiana Send far RB tin 800 


Dependable Hydraulic Seals 


Minnesota O-Rings function in air or gas 
systems as well as in hydraulic systems. Air 
cylinders ... hydraulic valves .. . hoisting 
mechanisms ... water pumps. . . bottling 
machines . . . refrigerators . . . motors . 
lubricators . . . are a few of their uses. 
Minnesota’s exclusive injection process makes 
possible very close dimensions, uniformity 
in mass production and downright economy. 
We use special compounds of synthetic rub- 
ber to meet your exact requirements. Let us 
make a quotation on your next hydraulic 
packing installation. 


Manufacturers of ~ i 

all types of small typical installations 

rubber parts O RE 
Write for O-Ring Catalog — cS 


MINNESOTA RUBBER & GASKET CO. Sitnearous te mun. 
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Ad Libbing By The Editor 


Many years ago I heard a splend 
talk. It was while I was a sophomo 
ollege. Many of my learned a 
1aintances at that time vowed tha 
was wonderful. The talk was giver 
by a Bishop of some city or anoth 
and I don't even know whether h 
was a Catholic Bishop, an Episcopolia 
Bishop or a Methodist Bishop. I hay 
forgotten everything about that tall 
except one statement which the speak 
repeated again and again. The stat 
ment was something like this Th 
ountry is in great need of an aristox 
racy of brains and without such ar 
ristocracy this nation will deteriorat 
That statement was made in abo 
1910. Many peop.¢ claim that the pro 
phesied deterioration has already 
gun. In my opinion it has 


More Brains Indeed 





; 


It took quite a while for me to un 
lerstand what the good Bishop meant 


y an aristocracy of 


brains The 
generally accepted meaning of an aris 
tocracy is a ruling class. However 
aristocracy also refers to groups of peo 
ple who have outstanding qualities of 
some type or other. For example 
according to Webster, aristocrats are 
Ihose who are superior to the rest 
of the community as in wealth, rank 
or intellect The Bishop emphasized 
intellect 

There are many men who hav 

uins but not all of them have intell: 
rence l ndoubtedly the good bishop 
referred to an aristocracy of brains 
ombined with — intelligence That 
would be the definition of outstand 
ng men who are not only smart but 


their exceptional brain power for 
onstructive purposes 
It seems that today there are tre 
ndously strong influences putting 
pressure upon men, especially those 
vho should be of highest integrity, to 
ept lower moral standards to give 
pport tO unwise movements Or to 
spouse a certain cause of question- 
le character. Too many men, espe 
illy among those holding political 
thce, have yielded Often such de 
noralization can be traced to the de 
of the individual for rank and 
power. Demoralization thrives best 
ring periods of prosperity,” fals¢ 
ough the prosperity be. As Gold 
nith put it, “Ill fares the land to 
hastenings ills a prey, where wealth 
imulates and men decay.” 
Rome is still the Eternal City but 
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Multi Fuse 


without increasing 


horsepower 


On most presses and in many 
other applications, pressure 
requirements change during 
The Ra- 


“Variable Volume” 


the operating cycle. 
cine low 
pressure pump with a Racine 
Pressure Booster can be used 
to develop and hold up to 
5000 psi. The horsepower in- 
put does not exceed the pow er 
needed to operate the pump 


at its low pressure setting. 


This means lower first cost, 
less horsepower consumption, 
reduced cylinder sizes — a 
more compact over-all design. 
Pressure and volume delivered 
of 
the built-in governors that 
are standard for all RACINE 


pumps. 


can be controlled by one 





Write for new 3-color Catalog P-10-D 
covering RACINE’S complete line of 
"Variable Volume” 
Pressure Boosters. 


Valves and 


Pumps, 


OTHER 
RACINE 
HYDRAULIC 
PRODUCTS 


RACINE root AND MACHINE COMPANY 


1772 State Street, 


I. NGINEERIN¢ JANUARY 
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eraph below shows the borsepower | 


ine cycle of a simple press circuit using a constan 
pump. The é area shows the hor “er NSUD 
when a Racine lariah ] me” Pur , P 
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RACINE, WISCONSIN, U. S. A. 


use 
dependable 


The fact that so many 
manufacturers find 
there are Pheoll stock 
fasteners that meet ex 
act needs — makes 
Pheoll stocks the one 
source for you to depend on, too. Our wide 
range of sizes, metals and finishes simplifies 
assembly problems; speeds production—because 
fasteners that fit, make jobs go faster! 


Pheoll rolled threads 
and cold formed heads 
provide maximum 
structural strength to 
meet stress and strain 


Snug thread mating 





surfaces assure greater 
contact with more lasting grip—adding life 
and service to your assembled products 


The extra fine head 
and thread finish of 
Pheoll quality fasten- 
ers improves the sala 
bility of your product 
They help “dress up” 





the job! You can select 
from a wide variety of attractive head types in 
screws for metal, wood and plastics—nuts with 
single or double chamfer in various metals 


and finishes 


Write for Additional Information and Price List 





MAKE PHEOLL YOUR soURCE 
FOR: Semst © Thread Cuttin: 
Screwst * Threaded Rods © W 
Screwst © Machine Bolts ¢ Cap 
Screws © Stove Boltst © Thumb 
Screws « Machine Screwst 











t Furnished in slotted 
and Phillips Recessed Head Types 


SCREWS © BOLTS 








Sans Souci continued 
the empire of which it was the the 
apital has disappeared. Its decline 
began at the peak of its prosperity 
Wealth had softened the individuals 
both physically and morally. Abuses in 
the distribution of the ever increasing 
public charity funds sapped the nation 
of its vitality. Candidates for re 
election to political office squandered 
public funds to buy votes and thus 
issure victory at the polls The work 
and sacrifices involved in raising a 
family in the face of ever increasing 
taxations, the desire for easy livin 
plus indolence and love of luxuries 
caused childnessness to become general 
imong the upper classes 

Of course such things couldn't pos 
sibly happen in the U. S. A. And h 
who dares to predict it would be 
scorned and laughed at. A favorit 
trick is to read a passage predicting 
the downfall of the nation and then 
point out with smug satisfaction that 
the passage had been written hundre 
of years ago. The Romans invented 
that one And of course in Rom 


} 


also, any citizen who dared predict th 
fall of the Empire would have been 
laughed at. In fact, the Roman Empi: 
did not fall. It slowly disintegrated 
and vanished off the earth, just dried 
ip and blew away, one might say 
The pages of modern history tell 
the story of the disintegration of Spain 
of the decline of France to a third 
rate power and the gradual shrinking 
of the British Empire. In every in 
tance the causes were the same: ex 
cessive wealth; easy living, squander 
ing of public funds; lowering of moral 


lards: graft; corruption; waste 


stan 
and dishonesty in government. Is it 
logical to believe that the same combi 
nation of facts and circumstances will 


not bring the same results? The n 


] 


ation 
needs an aristocracy of brains and in- 
k 


telligence which will steer it back to 


the faith of our fathers 
Initiative 


It is amazing how many peopie will 
fail to do what they really want to do 
intil they are driven to it. In a high 
way accident a large four-door sedan 
was knocked over on_ its side It 
blocked all trafic. A man was at the 
wheel, two middle aged ladies in the 
back seat. A crowd of gaping specta- 
tors from the stalled cars quickly gath- 
ered. The three people in the car 
struggled vainly to get out. No one 
did a thing to help them until a young 
man came along and quickly taking 
in the whole situation, shouted, ““Come 
on everybody, let's help the people to 
get out.” A dozen or so men stepped 
forward with enthusiasm. They im- 
mediately righted the car, rolled it to 
the side of the road, used newspapers 
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GAST 
AIR PUMPS 
‘3 TIMES 


APPROVED 


for Addressograph 
Products 





FEEDING MATERIALS at high speed 
often poses problems. On this Ad- 
dressograph offset press, for example, 
the feeder must deliver up to 7,000 
sheets per hour. 

HOW COULD THIS best be done? 
Tests showed that one Gast rotary- 
vane Air Pump would supply both 
pulseless vacuum and pressure for 
feeding paper. Gast Rotaries were 
then approved as standard on this 
and two more Addressograph Prod- 
ucts. 

COMPACT AND QUIET, they’re 
most of all dependable. Vanes take 
up their own wear automatically — 
giving years of “like-new” perform- 
ance. Service-free periods often ex- 
ceed 5 years. 

YOUR PRODUCT PROBLEM may 
be vastly different— yet “Air may 
be your Answer!” Write for detailed 
information. 


Gast Application Ideas $00 our 
Booklet — showing 26 CATALOG 
design problems solved in 
— sen? upon reqvest. 


Original Equipment Manufacturers 
for Over 25 Yeors 


— | 
KOTARY 
AIR MOTORS « COMPRESSORS - VACUUM PUMPS 


TO mrt HP (70 30 18%) (TO 28 WmCHES) 
GAST MANUFACTURING CORP, 139 Hinkley St, Beaten Herber, Mich, 
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Manufacturers of 


Hermetically Sealed 


Meters Since 1944 
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MARION RUGGEDIZED METERS 
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This amazing new family of Marion ruggedized electrical indi- 
cating instruments sets new standards of quality and accuracy in 
electrical measurement. Marion “Ruggedized” instruments give 
better performance in any application. Use them with confidence 
even where you never before dared use “delicate instruments.” 
They exceed all JAN-I-6 requirements, are hermetically sealed 
and completely interchangeable with existing JAN 2!2” and 
312” types. 


Marion Ruggedized instruments perform perfectly under critical 


conditions of shock, vibration, mechanical stress and strain 
Hermetic sealing makes them impervious to weather and climate 


Instruments. Marion Electrical Instrument Company. 





Send for our booklet on Marion Ruggedized R 


MARION ELECTRICAL INSTRUMENT CO., 401 CANAL ST., MANCHESTER, N. H. 
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MANUFACTURERS OF MARION uggedized PANEL METERS 





FOR HIGHER EFFICIENCY 


in high-pressure oil- hydraulic circuits 





DENISON 
dnOWhics Pumps and Controls 


Meet Circuit Needs to 5000 psi 


. 

1. DENISON’S SURGE-DAMPING CONTROL elimi- 

nates shock without affecting other circuit functions! About 
the size of a garden-hoze nozzle, it is easily installed in any 
circuit, Adjusts automatically to any working pressure 
ts with split-second speed . . . can’t retard cycling speed. 





2. One of the many Denison high-pressure high-volume 

pumps for either constant or variable volume delivery. Vol- 

ume control by stem, handwheel, or pressure compensation. 
» 


Capacities: 2 to 35 gpm. Simplified axial-piston design — 
rugged, dependable, highly compact 


3. Spool sticking ts eliminated in long-cycling, high-pres- 
sure operations by Dentson’s pilot operated 4-way Solenoid 
Valves. Using system pressures to move the spool through 
either internal or external pilot action, they assure smooth, 


quick positive action under all conditions. ¥/,” and 11/” sizes. 


Denison has the answers to today’s increasing needs for com- 
plete packaged power units built for long life and extra 
efficiency in high pressure oil-hydraulic systems of almost 
every type. Write for information on HydrOILic Pumps, 
Valves, Controls, Pumping Units, Fluid Motors and other 
components or for recommendations on your specific needs! 


The DENISON Engineering Co., 1157 Dublin Rd., Columbus 16, Ohio 


Pumps and Controls 





Sans Souci cont 


to brush all the glass off the roa 
soon traffic was roiling as usual 
young man who had initiated tl 
directed all the efforts but did no 
other than that. He was the exe 

What about it? Lots. In an ay 
crowd only one man out of 
has the personality and initiatir 
be a genuine self starting | 
Many people will do a job witl 
thusiasm but not until they ha 
leader to start them going. Most 
ple find it more comfortable t 
nothing. It is not that they are ir 
siderate or lazy. The gaping crow 
the automobile accident was pro 
waiting for a cop to come aions 
just didn’t occur to them to do thx 
vious thing so that they could 
the road and continue on their 
But as soon as the leader stepped 
ward they all got to work 

In business we have comparabl 
uations almost daily Traditi: 
methods and techniques hang on 
on because no leader steps fort! 
challenge them. Man after man 
lows the meandering paths of his 
decessors. Many of them are lack 
in initiative. Some of them lack 
courage or incentive. Many fear 
cule. Of course only the leaders 
men with initiative, the men who 
not afraid to tackle new ways of di 
things, get ahead and become 
executives 


Incentive Management 


Right along the same line we h 
the question of incentive. About 
week ago I received a book, “‘Incent 
Management” written by James F. I 
coln, president of Lincoln Elect: 
Company. The price is one doll 
post paid. The first half dozen cha; 
ters of the book are about incenti 
and the important part it plays in o 
daily lives. Most people know it | 
few have figured it out the way Ji 
Lincoln presents it in this book. M 
Lincoln rates incentive as the most i: 
portant element in any activity 

Most people have the idea that tl 
most important incentive is mon¢ 
In many instances money rates pret 
far down the line. In fact, if mon 
were the only incentive there wouldn 
be much urge for doing anythin: 
Recognition, the desire for prais 
pride of accomplishment, applaus 
and many more elements are ince: 
tives. Usually the total incentive is 
combination of such urging for 
Money may or may not be the m 
important 

Be sure to get your copy of tl 
splendid little book G.F.N 

It is impossible in a column like tl 
to really do justice to the book th 
Mr. Lincoln has written 
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hoto Credit Omitted 


[pe Edite U 


1 ¢ } 


Ihe November, 1951 tissue of 
opuUCT ENGINEERING Carries an af 
le on pages 143 through 145 abo 

astic Molding Presses. One of the 
ain illustrations at the top of pag 


i4 shows a cutaway drawing ol 
Watson-Stillman press 
Chis drawing was made for the So 
yny-Vacuum Oil Co., Inc. at a cost 
approximately $2,000. It ran 1 
Socony- Vacuum ad in Business Week 
id other McGraw-Hill publications 
While Socony-Vacuum is happy 
iat PRODUCT ENGINEERING was abl 
» use it, the company feels that it 
1ould have been given some kind of 
JOHN H. OWEN 
New York, N. ' 


dit referenc 


Ed—You may be sure that, if PRropuc1 


ENGINEERING had had any idea that 
this was a Socony-Vacuum picture, 

would have been glad to give that 
ompany a credit line. As things stand 
we will be glad to call attention to 
the tact that the illustration belongs 
to Socony-Vacuum Oil Cor ipany 

A special section titled ERRATA in 
which we acknowledge errors of this 
kind appears at the end of the Our 
Readers Say column 


Either Way 
Its Packing Standards 
lo the Editor 
We have in preparation a catalog of 
Leather and Synthetic Packings (Cups 
Flanges, U's, V's, Oil Seals, O-Rings, 
etc.) for International Packings Cor 
soration, afhliated with Graton & 
Xnight Company, Worcester, Massa 
husetts. In this connection, we are 
Sreparing material covering various 
tandard specifications such as 
jJiC—Joint Industry Conference 
ASTM—American Society for Test 
ing Materials 
AMS—A special 
ASTM 
AN—Army and Navy 
MIL—Military 
KKL—Federal 
doubtless there are others 
It occurs to us that you may have 
overed this entire subject or parts of 


committee of! 
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MOROUM REGMLY DOES 


with constant advancement in designs and methods 


at 
DENISON 
Pumps and Controls 


Shown on Opposite Page are Typical Examples 


Applying the full advantages of oil-hydraulic equipment to new 
requirements that play a major part in today’s fast-moving indus 
trial progress, has been the work of a continuous research and 
development program at Denison for many years 


As a result, press equipment has been reduced in bulk and con 
plexity its speed and efficiency have been incveased for all 
types of production jobs . . . and newly developed all-automati 
control features slash costs even on short run production jobs 
Pumps of improved design, with full emphasis on efficiency 
high pressures, are now a reality. Greater accuracy has been incor 
porated into pressure controls for all types of circuit needs up to 
5000 psi. Tooling designs and methods that reduce scrap losses 
boost production rates and improve the quality of work are now 
in wide, daily use because of procedures developed at Dentson 


' 


Recently, special research in applying high-pressure hydraulics to 
new and bigger commercial and defense-production needs has 
brought remarkable gains in many phases of industry 


This continuing research program has made Denison a preferred 
source for new, improved equipment, better methods, and advanced 
ideas — like the valves that eliminate hydraulic shock and spool 
sticking, described on the Opposite page You can count on Denison 
for better hydraulic equipment. 


WATCH FOR NEW PRODUCTS TO BE ANNOUNCED SOON! 
The DENISON Engineering Co., 1157 Dublin Rd., Columbus 16, Ohio 


? 


Oil-Hydraulic Equipment 


drOllica . 




















how much is 
bearing 
trouble 
affecting 
your 
products’ 


reputation ? 





It can you know and yet it is so easy to avoid machinery ineffic- 
iencies traceable to bearing failures. Juste be sure to specify one of 
the MULTIROL full type roller bearing series. Each is designed for 
a specific kind of service and has proven ability to carry greater 
loads longer with more precision and less maintenance. Their 
\ dependability will help keep your machinery at its peak. Select one 
; of the following types and write today for more details in the new 


McGill Bearing Catalog No. 52. 


MSGILL 


precision 


hearings 
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Our Readers Say contin 


in some recent articles or at 
would be in a position to t ll us wl 
we might get additional informa 
We think it would be very helpt 


give a brief outline of the make 





i 
} UrpPOsC of each group so that bo 
tomer and salesman would have a 
ter understanding of what the syn 
stand for. It is always surprising | 
little real informatior peopl 
ibout these things 
The company, of course, is g 
their information together also 
we naturally turn to you for p-to 
and authoritative information a 
these lines H. F. Kina, \ 
Wow. B. Res gton, I 


Ed—We aid carry an article on the J] 
hydraulic standards in February, 1 
We also carried last year in Jan 
an article titled “Designing for M 


tary Requirements This listed 

+} PT are f ly 
discussed the probiems ol mult 
standards as well as federal specifi 


trons It did 10t, however fo into 
tail on any of these specifications 
For detailed information on mi 
specifications, you should contact | 
Neville, Directer of Public Relatios 
tor the Joint Armed Services, Pentag 


Building, or any of the agencies 

are listed in the article on designit 
for military requirements. The dir 
tor of the Frankfort Arsenal co 
probably give you as quick a rundow 
on these specin iwions Ss you oul 


get from Washington 

For seni | specifications and stan 
ards, contact Hugh Odishaw, Assistat 
Director of Spe ifications, Natior 
Bureau of Standards WX ashingt« 
D. ¢ For details on JIC standard 
write to Ralph A. Richardson, H 
of Technical Data Section, Gener 
Moters Corp. Development Laborato: 
ies, Detroit, Michigan. Of course tl 


standards of any one of these group 
are very involved. The problem wit! 
ill of them except for the ASTM 


facilitate purchasing of  acce ptal le 
equipment The ASTM has as it 
the establishment of standardizec 


s voa 
{ tes 
ing procedures so that test data on 
material obtained in one company can 
be correlated and compared directly 
with data that might be secured by an 


other investigator 


Draftsman’s Delight 
To the Editor: 

An article entitled, “Drawing D« 
tails and Notations That Must B 
Checked,” Table 1, intrigued our draft- 
ing supervisors to the extent that they 
all desire copies. 

Therefore, we herewith ask your 

























GITs Bros. covers the entire range of lubricat- 
ing devices: Oil Hole Covers, Oil Cups, Grease Cups, 
Bottle Oilers, Gauges. Gravity-Feed, Wick-Feed, 
Constant Level, Vibrating Rod styles. Threaded or 













Drive-type. Elbow or Straight. 
GITs Bros. offers the most complete selection 
of standard styles. 
NI GITSsS consistent quality in design, materials 
| and machining has made Gits Lubricating Devices the 
standard for industry for more than 40 years 
' GITS Lubricating Devices are far-famed for 
1s solving tough oiling problems at low cost. 
. GITs Bros. Engineering Staff—true specialists 
n in lubrication engineering — is at your disposal. 
7" 
tO Write today for free illustrated Catalog No. 60-A. U 
lk as your handy reference for lubricating device 
G1ITS BROS. MFG. Co. 
l, 1838 S. KILBOURN AVE. + CHICAGO 23, ILL. 
1 
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ma SEWALL SPROCKETS 


right out of 
the catalog 






TYPE A 


Pilate Sprocket 
no hubs 


Hub Projections 
both sides. 






If your product calls for any of these roller chain 
sprockets as diagramed, the new Sewall Stock 
Sprocket Catalog can save you time and money. 
May we send you a covy? _—— 

: é ai 
Sewall sales engineers will welcome € Ow 
your inquiry on any type of custom- —\ 
built cut tooth gears ... racks . ar 
all types of sprockets. St. Paul 


NE 
SERVICE OFFICES IN ST. PAUL AND CHICAGO : a 


TYPE D 


Pilate Sprocket 
—cast iron hub 
t 


’ E. B. SEWALL MANUFACTURING CO. 
696 Glendale St. + St. Paul 4, Minnesota | 


——— 














~ 
NICHOLSON MAKES 


Freeze-Proof Steam Traps 
W for Every Plant Use 


Because they drain completely when cold, these four types of Nichol- 
son steam traps are positively freeze-proof. Can be freely installed 
outdoors. Universally recommended for use in lines which need not 
be in continuous use during cold weather, 
because they are freeze-proof and be- 
cause their 2 to 6 times average drainage 
capacity results in minimum heat-up time. 
The non-air- 
binding feature 
of Nicholson 
traps also noto- 
bly facilitates 
heat transfer in 
severe weather. 













BULLETIN 
Sizes 14" to 2”; 450 
pressures to 225 TYPE AHV TYPE AU 
Ibs. 200 OREGON ST., WILKES-BARRE, PA 














Ue NICHOLSON FQ 


TRAPS -VALVES- FLOATS 
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Our Readers Say continuc 
permission to reproduce Table 1 a 
circulate it among our drafting p 
sonnel WALTER M. Sai 

Ge Né ral Ele ctric ( 


Ed—-We are very glad to extend to j 
permission to copy the table in 
Rowbotham article, “Engineeri: 
Checkers Promote Economical Prodi 
tion,” that was published in the Ju 
1951 issue of PRopUCT ENGINEERiN¢ 

This was Table 1 Drawing D 
tails and Notations That Must BE 
Checked 


Ceramics Acknowledged 
] 4 } é kd j , 


Your article on “How to Tackle M 
terials Substitution” in your Octol 
issue, completely omits technical 
ramics 

There is no shortage in technica 

ramics. Design engineers as a grou 
have relatively little knowledge of 
where and how to use technical 
ramics 

In recent years, the better ceran 
makers have learned to economically 
manufacture technical ceramics to clos 
dimensional tolerances where the cor 
tour lends itself to grinding 

For hardness, heat resistance and 
total and permanent rigidity, technica 
ceramics usually offer superior pet 
formance at lower costs 

Technical ceramics are coming int 
increased use as reference plates, wear 
plates, thread guides, extrusion nozzles 
for pencil leads, battery carbons 

Air-acid jet inserts, welding nozzles 
burner tips, precision jigs or templetes 
for heat treating or induction heating 
operations are common applications of 
technical ceramics. These of course in 
addition to the wide use of technical 
ceramics as insulators in electrical ap 
pliances, radar, radio, television 

In general the weakness of technical 
ceramics from a design standpoint 
their inability to withstand mechanical 
shock. But where mechanical shock 
is not a requirement, technical ce 
ramics Offer superior resistance to ther 
mal or electrical shock. They are not 
affected at room temperature by alkalis 
or acids except corrosive fluorine com 
pounds. 

If you would like technical infor 
mation on technical ceramics I would 
suggest that you contact Mr. Hans 
Thurnauer, Vice-President, Research, 
American Lava Corporation, Chatta 
nooga >), .~ennessec 

GEORGE W. POWER 
Chattan £4, Tennessee 
Ed--Many thanks for your note re 


garding our omission of technical ce 
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SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 





Completely 


and similar oppiicat 








Compactly designed, 
capacitator-type 
induction motor for Heavy-duty turbine 
wire recorders, elec- driven by oa high 
tronic tube cooling, speed universal motor 
and similar services . for commercial va 






4 
@ Successful operation in many thousand motor-driven } 
products and devices— over a period of 36 years — ha: a 
proved the thorough reliability of Lamb Electric Motor: 


The long life and dependable day-in and day-out service 
for which Lamb Electric Motors are known, results largely 
from the fact that they are designed to provide the exact 
electrical and mechanical requirements for each product 
they drive. 


This special engineering assures the motor qualities essential 


for top product performance and usually results in savings with inboite 
r tion on 
in space, weight and cost factor. shoft at right 
> ormec re sh ? 


THE LAMB ELECTRIC COMPANY ¢ KENT, OHIO 


tant considerat 


enclosed mot 
with boll bearings insur 


Operating continuity in pun 









Series motor suitable for 


mony intermittent duty 
oppl ications where space 
ond weight are mpor 





ons 








THEY'RE GOING INTO AMERICA’S Finest PRODUCTS oe in 
8 «J 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 
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i 
\ORTMAN-MILLER MACHINE CO. | 


30 DAY DELIVERY 














O-M CYLINDERS 
AIR HYDRAULIC WATER 
MORE POWER in less space 


a LESS COST 


O-M is .il] Cylinder—pack- 
ing more power per square 
inch than any other type! 
No tie rods or bulky end 
caps, saves 13 in installa- 
tion space. In full range of 
sizes from 11” to 8” bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable to almost all “custom” 
installations. 









TEMPLATES | 
Complete set 
Shows al! cylin- 


NEW CATALOG 
28, diogram 
pocked pages of 
specifications ders and mount 
parts listing and ing brackets. '/, 
other information scale. 


1218 150th St., Hammond, Indiana 
At no cost or obligation 
Send me your new, complete catalog 
Send me a complete set of Templates 
Nome 
Firm 
Address 
City. — 


State 





MAIL COUPON, TODAY! 
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Our Readers Say continued 


ramics from our October section “How 
to Tackle Materials Substitution.”” In 
a section of this sort, where space Is 
limited as it was with us, the best we« 
materials 
that we discuss on the basis of their 


can do ts to try to select the 


importance to the majority of our read 
crs 

[ think you will find that with the 
exception of plastics, most of that s 
tion was concerned with metals. How 
ever, we have not by any means 
ignored the subject of technical ce« 
ramics. Perhaps you may have seen 
the two-part article done for us by Mr 
Michaelson of Sylvania Electric on 
technical refractory ceramics in o 


July and August 1951 issues Amer 
ican Lava Corporation provid 1s 
eral of the photographs for this arti 
a great many of which we again had 
to leave out because of 
tions 
From Tokyo; 
Subject: Torque Converter 
l fhe I 4 

One of our istomers brought the 
following requirements to us regard 


ing Torque Converters for Diesel and 
Gasoline Engines 

Wi theretore should like to ask 
you the following questions to which 
kindly send us your prompt reply 

1. Names and 
makers in the U. § 

2. What ts the principle of the oper 
ation of the common converter ? 


address« s or the 


3. Are the converters manufactured 
inder the patent of Ungstorong 
i. Do the automobile makers such 
is Ford, General Motors, etc., manu 
facture the converters by themselves 
If not, trom what makers are they pur 
hasing the converters 7 Do they 
manufacture them on their own d 
inder the patent of Ungstor 
‘our information for the above will 
highly appreciated by us 
H. KASHIYAMA 
Boeki Kaisha, Ltd 
Tok) laba 


Kyokut 


Ed——Here is a reprint of an article 
blished in March 1950 issue of 
Propuct ENGINEERING on fluid power 
transmissions, the second part of which 
deals exclusively with torque con 
verters and fluid couplings. From our 
November 1951 issue we are sending 
you a copy of an article by Mr. Gibson 
of Twin Disc Clutch Company on 
matching torque converters to driven 
loads. Both of these articles should 
give you the background of operation 
and method of application you want 
Principal manufacturers in this 


Propuct ENGINEERING 


TRANSFER 

MOLDING 
PHENOLIC 
TO STEEL 





i. A Typical example of 
Shaw Solutions To New 
Production Problems. 


Newly designed ignition system 
booster coil case, for Interna- 
tional Harvester Co. Asbestos- 
filled phenolic is transfer mold- 
ed to the steel cans to insure a 
pressure tight seal. An entirely 
new process resulting in greater 
efficiency without appreciable 
increased cost! 


Another example of Shaw’s de- 
sign, development and produc- 
tion facilities... available to 
solve your plastic problems. 
















Shaw’s Plastic Material 
Properties Indicator Disc 
is a handy, durable 
guide, tailored 
to give you 
on-the-spot 

accuracy. 

Write for 


yours today! 






MOLDERS 
SINCE 1892 


SHAW INSULATOR CO. 


163 COT SE, IRVINGTON 11, WJ. 
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POPE qualifies as your Spindle Department. 

YOU name the type or size Spindle and 
specify POPE. 

You get finer finishes and continuous, 
peak production of accurate parts. 

The POPE System of lubrication provides 
permanent bearing lubrication and main- 
tains the high accuracy of the Spindles 
longer because of their low operating tem- 
perature. 

“Send us your specifications and you'll get 
a prompt quotation on the best Spindle for 
your job. 












TO FIT THE 
MACHINE 


tw mt 08 WISCONSIN-POWERED 


Power Plants, Inc. Generator 


Three carloads of scrap travel fast from freight cars to trucks every day 
with this crane on the job. It's equipped with a 36” ECM magnet, and the 
generator, built by Power Plants, Inc., Cleveland, Ohio, is powered by a 
Wisconsin Air-Cooled Engine. 

Over and above time and labor saved through Wisconsin Engine depend- 
ability, servicing and maintenance are reduced to a minimum. For example, 
bearing failure is unheard of due to tapered roller bearings at both ends 
of crankshaft. Fool-proof air-cooling means no winter freeze-ups or sum- 
mer overheating. And an easily-serviced OUTSIDE magneto with impulse 
coupling delivers all-weather quick starts. These features, combined with 
rugged construction, are the basis for the most dependable, most versatile 
power in the 3 to 30 hp. range . .. WISCONSIN POWER. 

Write for details covering 4-cycle single-cylinder, 2-cylinder and V-type 4-cylinder models. 


isas@ WISCONSIN MOTOR CORPORATION 


‘a=. World's Largest Builders of Heavy-Duty Air-Cooled Engines 
* ¢€ 4 
L 7 4 MIUWAUKEE 46 WISCONSIN 







st on 
_PMOURS 


al 


Serving 
I N DUSTRY 


WASH ERS and 
STAMPINGS 


Standard and Special Washers, 
of every description, from every 
kind of material, any desired 
finish . . . designed for every 
purpose... utilizing more than 
22,000 Sets of Dies. 


Let us Quote on Your Needs. 


WROUGHT WASHER mre. co° 











THE WORLD’S LARGEST PRODUCER OF WASHERS 
2213 SOUTH BAY STREET ¢ MILWAUKEE 7, WISCONSIN 
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Our Readers Say conti 


country include the following 


cerns: 

1. Allison Div., General M« 
Corp., Indianapolis, Indiana 

Buick Div., General M 

Corp., Flint, Michigan 

3. Borg-Warner Corp., Chicago 
linois 

4. Twin Disc Clutch Comp 
Rockford, Illinois 

5. Speiser Division, Dana C 


Toledo, Ohio 

The patent situation on torque « 
verters is at present up in the air 
original units manufactured in 
country were under British license, 
we understand that these patents h 
run out and no attempt has been m 
to repatent the principle of the dey 
There are some patents that apply s 
cifically to certain types of equipm 
as for example, the three-stage 
verter being manufactured by Tw 
Disc Clutch Company 

Some automobile concerns do m 
their own units. Ford buys torque « 


verters for Mercury and Ford fr 
Borg-Warner, as docs Studebak 
Buick and Chevrolet get their ui 


from the Detroit Transmission D 
sion of General Motors. In the 
tomotive industry, perhaps the Allis 
Division of General Motors has do 
more to applying torque converters 
vehicles than any other division of 
motor car manufacturer 





Where Can I Get It? 





No Names 
Editor 

The June issue of OEM News pi 
lished by PRopucT ENGINEERING indi 
cates that Propuct ENGINEERIN 


reaches approx mately 270 consulti 
We know it is not a usua 


Please 


| practice to release such a list of name 
| but we have 


so many in th 
electrical industrial fieid that we a: 
wondering what steps could be taken t 
reach the 
tioned 
We would actually like to have a 

of these engineers, however, if this 
absolutely unavailable, can we reac! 


accounts 


consulting engineers met 


| these men through direct mail ? 


MARION E 
Hugh H. Grabam & Associates, Inc 


Ed—On a number of past occasions 
this same question has been raised 


Several technical difficulties stand 11 


the way of developing a mailing list 


of the type in which you are inter 


ENGINEERING 
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Past efforts to do it 
ulted in angry consultants 


have 
and 


ingled customers. In view of this 
t, we feel such a list could not be 


eloped at this time. 


Rubber-Metal Weld Info 


rt é Ed: for 
| We note that your “Our Readers’ 
y"’ department provides information 
( uppliers of products and instru 
i nos 


We should like information on the 





duct or process which has the trade 
h ne ‘“Cycleweld”. This is a method 
n bonding rubber to metal 
\ Can you tell us where we could get 
S} necessary material, or must we send 
parts concerned to another plant 
ce processing Douc.as G. Noles 
w Economic Machinery C 
- Ed—-The “‘Cycleweld” process was de 
oe wed by the Chrysler Corporation 
* Full details about this process and the 
‘L essary material and information 
- out technique can be obtained by 
)j ldressing the Cycleweld Division, 
Chrysler Corporation, Detroit 
1S¢ 
lor 
rs Cement Mixer With Boom 
? 
” the Editor 
On page 114 second column top in 
May 1951 issue of Propuct EN 
— GINEERING magazine, there is an article 
7) referring to concrete mixers that carry 
. portable power hoist or movable 
— oom to deliver the cement across ex- 
ivations or higher elevations 
I would like to get more information 
out this machine. Can you tell me 
vho makes it A. PERLICK 
Brooklyn, N. Y 
sul v , : 
nd; Ed—tThe leading manufacturer of this 
roan type of equipment is Mixermobile 
ting Manufacturers, Box 7527, Portland 20, 
Oregon 
Sud . 
as Another manufacturer who makes a 
the ‘ yard mixer with a movable boom 
eve vhich can deposit concrete as high as 
ya ) ft above the ground is the Koehring 
se Co., Milwaukee 16, Wisconsin 
1 


acl ERRATA 

















1951 Page 144. Prepla 


— 'viples Capacity of Molding Press. 
1 [he credit line under the cutaway 
ns rawing of the Watson-Stillman press 
led iS inadvertently omitted. This illus 
5 ition was supplied through the 
ist uurtesy of the Socony-Vacuum Oil 
: | ompany. 
? ropuUCT ENGINEERING —- JANUARY, 1952 








































A Plus Value 
in Any Product! 


F GEARS are a part of the 

machines you make, there is no 
finer recommendation for YOUR 
PRODUCT than to be able to say 
it is “Equipped with FAIRFIELD 
GEARS!” 





At Fairfield, your gears are in the 
hands of specialists equipped with 
every modern facility for producing 
fine gears efficiently and eco- 
nomically. For the Best in Gears 
Specify Fairfield! 


Gears made to order: 


SPUR @ HELICAL © HERRINGBONE © SPIRAL BEVEL 
STRAIGHT BEVEL @ HYPOID « ZEROL © WORMS and 
WORM GEARS © SPLINED SHAFTS @ DIFFERENTIALS 


FAIRFIELD 


MANUFACTURING CO. 


313 So. EARLAVE. “> 
LAFAYETTE, IND Ou ta 


Send for 
Illustrated Brochure 














FURNACE 


FACTORY 
CONTACTS 


spell real economy / 


What is the best way to attach a certain contact material 
to contact arms of another material for use in certain 


equipment under certain conditions? 


Stackpole not only has the answers, but likewise offers 
full facilities for handling this important operation in 
production quantities by the most suitable methods. This 
PLUS service to users of Stackpole contacts 
is a big factor in saving them money by 









eliminating scrap and in assuring maximum 
dependability for their products. 


STACKPOLE CARBON COMPANY 
ST. MARYS, PA, 


Helpful Contact Data 


Far more than a listing of Stackpole con- 
tact types, Catalog 12 contains a wealth 
of helpful data on contact materials and 


their applications. Write for yours today. 


All contact shapes and sizes in SILVER GRAPHITE « SILVER LEAD OXIDE 
SILVER NICKEL « SILVER MOLYBDENUM « SILVER TUNGSTEN e COPPER 
GRAPHITE e PRECIOUS METALS and many other materials 





NEW BOOKS 





Descriptive Geometry 


HAROLD BARTLETT Howe, Head 
the Departn ent | Engineer g D) 


ing, Rensselaer Polytechnic I) 
332 pages, 6x 9 in. Published l 
Ronald Press Co., 15 E. 26th St., N 


York 10, N.Y. $4 


In this textbook the direct-m 
approach is used instead of the ear 
plane-trace method This proced 
. 
is used in effort to make the the 
of the subject more interesting and « 
able the student to master the cont 
more readily. To effect the attainn 


of proficiency in teaching the subj 


I d 
this book uses a great many pictor 
sketches. This method is used 


stimulate the student's capacity to } 


ceive and to visualize, and make } 


express his space conceptions in 
ture form. 

( omplexitic $ in space picture sket 
ing are introduced in step 
gress from simple fundamentals 


f 
1 
§ that p 


more complicated combinations 

Many practical engineering pr 
lems are presented for study and 
planation. As basic visualization tra 
ing in structure and machine desis 
special emphasis is here placed « 
vectors, and particularly on their 
in finding stresses in planar and nor 
coplanar structures and for the 
sentation of moments. A portion 
the text is devoted to an explanat 
of the principles of perspective 


ing by means of picture sketch 


Alternating-Current Circuits 


ho 2 ANG, P) lé } / Elect) 
Engineering, The Ohio State Univer 


pye ep , 
ity. OOS page , or? m Publ, PCa 


Progressive work in both the fi 
of power and of communication 
mands a more thorough grasp of 
physical principles and laws of electr 
circuits. For this reason, the auth 
has devoted much space to the study « 
the effects of the circuit elements « 
the flow of current in an electric cir 
The relations of instantaneous val 


are also emphasized throughout th 


book 
The chapter on Network Theoret 

includes the Superposition Theoret 

Thevenin’s Theorem, the Maximu 

Power Transfer Theorem and the ¥ 

Delta Transformation Chapter 

Voltage and Current Loci, is an 
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ng-cur 
ngs approach in the s iy of Sy 
rical Components is a sympathet! 
The treatment of direct-current 
ilternating-current transients has 
n much simplified by the inclusion 


Chapter 18, Differential Equat! ns 








common pract of using singi 
script notation for s np! ( 
‘ 1 1 | 
1 the double-subscript notation fo 
a ' ae ol : 
yphase circuits, and the § ngk 
ript with arrows in meshes denoting 
sitive sen in oO on f 
rks has been followed irougho 
\ Mu chapter S In this book 
1 has | en so | sen 1th 
ous chapters, made as independen 
one another as possibl 
| ¢ 1 W in suiting p 
1e¢ Is oO nd { il 
xternal Pipe Threads 
' 4« x1 ] of 
‘ R i€u l d D ( Wi 
M Pa Ss 
The infor it10 ! pa phl 
plies only to ex nai taj nd 
ight pipe th 1 It contains d 
ondensed and simplifi d rorm col 
ited ind compiled Iro Various 
indards. It is arranged for the con- 
uience of those who use the thread 
1] 
ng process i 
Included are tables of d si0 
rrmulas, definitions and tolerances for 
per pipe threads ar ight py 
, 
eads 
The Grinding Wheel 
KENNETH B. Lewis. 407 pages, 6 x 
Published by t Grinding V 
l Mle Gree u Maz $3.50 
This book $ pre 1 to s 
com] fre eethaon text pn the subject of 
er ndine wheels and grinding ope 


Written in easy-to-understand 
inguage, the 
leats and 


ie 
| 1 . : 
DOOR IS Ail ( oO S$ 
mienticne nen onal aan 
apprentt C wen and “ ) 
n in the grinding industry. and ex 

tives in industries related to th 
gri iding industry 

‘he first 


) the materials 


few chapters are devoted 
, methods and processes 


mployed in the manufacture of abra 


wheels This is followed by a 
plete description ot the kinds 
hapes and sizes ol! wheels currently 
vatlable. The remaining twenty-thre¢ 
napters are d vote | to th app! i 
on of these wheels 
There are complete chat son such 
bj cts is grit d ny fl ids rough 
grinding, cylindrical grinding, center 


8S grinding, surface grinding, thread 
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to 13%. Furthermore, very substan- 


tial savings on axles, tires, gears 
and brakes are reported.” 

That is the first paragraph from 
a just-published four-page bulletin 


Model DI 
Hydraulic 


on the mew Twin Disc 


Chree-Stage Torque 
Converter 

You'll want the complete story 
because never before have so ex- 
tensive tests been reported on 
hydraulic con- 


three-stage torque 


verters with an in-built braking 
feature which no other torque con- 
W rite today, 
be sure to ask specifically for Bul- 


No. 162. It 


how to 


verter can claim. and 


letin may show vou 


save thousands of dollars 


in truck operation, 
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BALL BUSHING 





The BALL BEARING for your 


_ LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. 
Thousands of progressive engineers have solved this 
problem by application of the Precision Series A BALL 

BUSHINGS. 

And now hundreds of original equipment manufac- 
turers use the low cost Commercial Series B BALL BUSH- 
INGS which were developed for support of linear motions 
in competitively priced, volume manufactured products 
where super precision is not essential. 

Alert designers can now make tremendous improve- 
ments in their products by using BALL BUSHINGS on guide 
rods, reciprocating shafts, push-pull actions, or for sup- 
port of any mechanism that is moved or shifted in a 
straight line. 

: Improve your product. Up-date your design and engi- 
neering with BALL BUSHINGS! 


LOW FRICTION + LONG LIFE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LASTING ALIGNMENT » LOW MAINTENANCE 


Now manufactured for 14", V2", %", 
1”, 142" and 2/2" shaft diameters. 


Write for descriptive literature and the name of our representative in your city 
THOMSON INDUSTRIES, inc. 
—— MANHASSET, NEW YORK 


PROGRESSIVE.MANUFACTURERS USE BALL BUSHINGS — 
A MAJOR IMPROVEMENT AT A MINOR COST 
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New Books continue 


grinding, gear grinding, disk grinding 
internal grinding, grinding non-metal 
lics, and grinding cemented carbides 

The other chapters cover: truing 
dressing and balancing; tool and cut 
ter sharpening; honing, lapping, at 
superfinishing. The final chapter cor 
siders cost factors of grinding oper 
tions 

The appendix features a 16-pag 
hart of grinding wheel recommend: 
tions based on the type of work or o; 
eration being performed. There 
also a complete description of th 
causes and corrections of commo 
grinding errors 


Patents For Technical Personnel 


Dr We RTH WADI registered pater 


rie ) and ive Ih] Pre 4 1 p26 r 

i eclion f [VE $06 ele de Chin 
Industrielle; 44 pages; 6 x 9; heavy 

paper-cover. Published by Chemon 


mics Inc. 400 Madison Ave Neu 
York. N. Y $3.00 

Without footnotes, case histories 
and legal technology, the book simply 
and accurately discusses what a patent 
is, lists the steps which must be taken 
to protect an invention, and discusses 
the interference and prosecution of 
patents. 

This handbook has been written for 
the inventor and employee of a chemi 
cal process plant, using the languag 
of the layman, and not the patent at 
torney. 

The book describes a typical patent 
department of a company, and dis 
cusses its relation to the inventor-em 
ployee. It also tells how patent rights 
help you and your company, what in 
ventions are assignable to your con 
pany, and how patents benefit the in 
dustry 

An important, and so far a neglected 
subject, is covered in the last chapter 
How to read a patent. Not only does 
this section analyze the contents of a 
patent, but it presents a systematic 
method for analyzing and checking 
claims, finding and avoiding infringe 
ment, and gives a check list for pro- 
tecting your patent rights. A four page 
pictorial section shows an invention 
from the idea to the patent 


Photoelastic Stress Analysis 


16 pages, 53 x 83 in. Published by 
Eastman Kodak ¢ Rochester 4, N. Y 
$0.35. 

To incorporate recent developments 
1 revised edition of this publication is 
now available. Like its predecessor, 
bh 


the new booklet begins with a few gen 
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Straight Adapter Unions 





45° and 90° Adapter Unions 











Restricting Adapter Unions 


pererhias 


— 


°. 





wll Save You Assembly Time and Money a" 





\ Time is money And whenever you save time, you reduce costs 
™ That's why it pays to use Anchor Adapter Unions and Related Fittings. You see 


they’re designed especially to speed the attachment of Anchor hydraulic hose assemblies 


to equipment of all kinds 


Anchor Ductile Sleeve Couplings 
essembled on two wire braid 
hose for high pressures. 


important advantages 


In addition to cutting assembly costs, Anchor Adapter Unions and Fittings have these 


@ They provide a leakproof ground-joint connection. 


@ They are smail in size, require little space, and provide a neat appearance 
e@ You can connect and disconnect them many times without destroying the seal 
@ Made from solid steel bar stock and plated to prevent rust, they stand under the 


Ss na uf 


toughest service conditions 


Anchor Sleeveless Couplings @ Their use lets you eliminate one or more pipe-thread joints—gives you a better 
assembled on either single wire s b 

braid hose or two rayon braid piping job. 

hese for medium or low pres- e@ Assembly in confined spaces is quicker and easier 


sures. 


Send for complete 


| 
| 
information on | 
! 


Unions and | 
Fittings | 


Anchor Clamp-type Couplings 
are ideal for field service use 
and emergency repairs. Easy to 
on and take off—withstand 
igh pressures. | 


| 
| 
| 
Anchor Adapter _ 
| 
| 


Use Anchor Assembled Hose Units with the outstanding fit- | 
tings shown above. You'll have less trouble in the shop on ] 
assembly — and less trouble in the field on the job. | 


PM le) melt) 1Ai, ich elem, ie 


Factory Libertyville, Hlinois . Talal aa) Detroit, Michigan 














The Anchor line of Adapter Unions and Related Fittings is 
the most complete line available. Save yourself time and 
money—select those that fill your specific needs 


CLIP COUPON TO LETTERHEAD AND MAIL TODAY 


ANCHOR COUPLING CO. INC. 
Dept. PE-12, Libertyville, Ilinois 


1 like the dependability. the safety. and the time-and-money saving fea- 
tures of Anchor Adapter Unions and Fittings. Please send me a catalog. 


a Position 
Company 


Company Address 





City = (..) State 















T ARE YOUR INDIVIDUAL 
NEEDS FOR A 


HEAT EXCHANGER 
COOLER or CHILLER 


2? 2 2 
pre wd qyPE ' erib® 


WHA 






pi 






wr 


for heating or cooling... 


WATER-HYDRAULIC OILS-LUBRICATING OILS 
COOLANTS » CUTTING OILS - OTHER LIQUIDS 


Our engineering department will gladly assist 
you, just as it has numerous other organizations, 
in design and selection of proper exchanger for 
your particular requirements. 











A heat exchanger specialist from the factory is 
immediately available. Just call Providence, R.I., 
GAspee 1- 2600, wire or write. 














New Books contin 


eral remarks about t 
photoelastic stress analysis. It dis 
briefly other methods of stress ana 
and then launches into a discussior 
the principles of photoelasticity ] 
section covers polarized light, do 
refraction or birefringence, isochri 
atic lines, isoclinic lines, circular p 
rization, and stress patterns. Ph 
elastic light sources, filters, polariz« 
analyzers, quarterwave plates and 
densers, are then described 

le for making n 
els of the part to be tested are discus 


Materials suitab 


and the actual making of the mod 
is considered. Models for thre 
mensional stress analysis and pho 
graphic materials for use in the p 
cess are also covered 

Finally, there is a bibliography 
books and articles on the subject. Tl 
should prove of considerable value 
workers in the field 


ASTM Standards on Petroleun 
Products and Lubricants 


(With Related Information) 
Prepared by ASTM Committee D 


On pet leum p ducts and lubvrica 
784 pages, 6x 
American Society 
1916 Race St. 
Heavy paper cove 
$6.40. 





This 1951 compilation of ASTM 
Standards on Petroleum Products ar 
Lubricants (with related informati 
brings together in compact, readil 
usable form most of the ASTM stand 
ards, test methods, and specificatior 
widely used in this field. The test 
for knock rating of engine fuels and 
ertain standards for measuring and 
sampling petroleum are not includ 
in this compilation 

This edition gives in their latest 
form 129 ASTM standards, including 
116 test methods; 7 specifications 
classification; 3 lists of definitions 
lating to petroleum, specific gravity 
and rheological properties of matter 

tentative recommended practices for 
the purchase of uninhibited mineral 
oil for use in transformers and in oil 
circuit breakers, and for designating 
significant places in specified limiting 
values; and other material 

Widely used standards in this com 
pilation ‘cover the following broad 
classifications of petroleum products 
crude petroleum, b itadiene, motor and 
aviation fuels, petroleum solvents and 
naphthas, diesel fuels, distillate burn 
er fuels, kerosene and illuminating 
oils, lubricating oils, turbine oils, elec 
trical insulating oils, plant spray oils, 
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; ind parattine waxes. Included also 
standard specifications { ASTM 
1ometers, and test method and 
lardization of etched-stem liq 
glass thermometers 
New ma ul includ € 
{ tor otal inhibito onter 
1a yl it¢ ho ) of b i 
omin number of | ole Y 
ites by color indica ind ele 
Y hods reduced pres ( 
lation of petro nN products: and 
lrocarbon way sed fo il 
ilation 
Appendices in sed | 
ol to penetratio yf | i 
vr ses work | ) nan ) 
kes measurement yt density 
if} ravity of liq ids to the fifth 
e by the Bingham Py 
1 on number of pet p 
Ss by I pa i-xvle 10 | 0 
) tho oO 0 of { 
w Ss; kinem VISCOS ind 
) propos | thods of dete nit 
0 if sca n Octal n ) 
il] Sa PICS The re i lso om 
jatio oO he to ot AS] M 
ethods « yl prod 
and 


Advanced Engineering 


Mathematics 

C. R. WY ik, Jr., Prof r and Chai 
Dept. of Mathemat ind Ast 
Unit f Utah. 640 pages, 64 x 


tin. Published by McGraw-Hill 
b i ( , 990 W. 12 S/ Neu y vk 
GN. F. 97.90 


This comprehensive and well o 
ganized book covers ordinary and pat 
tial differential equations, Fourier s 
ies and the Fourier integral, opera 
tional calculus developed through the 
ise Of the Laplace transform, Bessel 
functions, theory of functions of a 
omplex varial le, vector analysis an 
such techniques of advanced numeri 
al computations as the numerical so 
lution of equations and systems of 
equations, finite differences, harmoni 
inalysis, least squares, and the method 
ol Stodola 

After three introductory chapters 
lealing with ordinary linear differen 
tial equations, there is a long chapt 
levoted to their applications to m 
hanical and electrical circuits. TI 
material is sufficiently complete to en 
able the student to solve many impor 
tant practical vibration prol lems, both 
electrical and mechanical. In addition 
there is a skillful treatment of equiva 
lent circuits and the construction of 
electromechanical analogies. 

The chapter on the Laplace trans 
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‘*We need anew special relay...quick! 
It must be compact, shock-proof, and 
100% water-proof...to function at 65° 
below zero up to 165° above. And we 
want initial production in 48 hours!’’ 


That’s what the man asked for. . . and 
that’s just what he got from Riverside 
Yes, within the specified time, Riverside 
engineers had designed a product to 
meet those tough specifications . . . and 
Riverside’s complete, versatile produc 
tion facilities had turned out sufficient 
quantities to fill initial delivery require 
ments. The relays were tested and ap 
proved ... used immediately to break 
a serious bottleneck that had stopped the customer’s production 


You might think that’s an unusual “case history.”’ But actually it’s 
typical of the way things get done at Riverside. Yet service is only 
one of the reasons why Riverside has become a leading producer of 
wiring harnesses, devices, and assemblies. Cost and quality are the 
other important factors. And, chances are, our specialized engineer 
ing and manufacturing facilities can quickly find a way to make 
your electrical components better for less, too. Why not send us 
your specifications, prints, or samples for prompt recommendations 
and quotations. No charge . . . no obligation, of course. 





COMPETENT ENGINEERING SERVICES © COMPLETE PRODUCTION FACILITIES 


db EXPERIENCED ASSEMBLY PERSONNEL «© POSITIVE CONTROL OVER QUALITY 


iverside Manufacturing 
AND ELECTRICAL SUPPLY COMPANY 


10225 MICHIGAN AVENUE ¢ DEARBORN, MICHIGAN © PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES « CORD SETS « HEATER AND EXTENSION 
CORDS « ELECTRICAL SWITCHES « RELAYS » MOLDED RUBBER PRODUCTS 











BUT Y E $ MEANS 


IT WAS WELL WORTH THE TIME 
YOU TOOK TO ASK ABOUT... 





The manufacturing skill and engineer- 
ing experience gained by O & S in 
producing original automotive parts 
for the past 38 years is well worth 
your investigation. 


If your problem involves a movement 
in a mechanical part or a combina- 
tion of parts requiring trouble free, 
service free bearings or bushings, 
send us the details or write for 
Bulletin 251. 


» OxS BEARING CO. 


303 SOUTH LIVERNOIS + DETROIT 7, MICHIGAN 





999 
a | 
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form contaims some recent origir 
work on the determination in fin 
form of the inverses of periodic-ty; 
transforms. The work on functions ¢ 
the complex variable is followed by 
chapter devoted to the application « 
this theory to the classical poten 
flow of incompressil le fluids 
Emphasis is placed on the relatic 
ship of each topic to other topics 
the book and to the general probl 
of the engineer. Several hundred co 
pletely worked problems are includ 
which range from sin ple 
to involved examples of the appli 
tion of theory. In addition there 


over 1,000 problems for student sol 


tion, carefully graded in difficulty 


An extensive appendix covers mat 
important topics from the borderli: 
areas between college als 1 and tl 
theory of equations, and calculus an 
advanced calculus 


A Basic Training Manual On 
Statistical Quality Control 


RUDOLPH FREEDMAN AND JOSEPH 
MOVSHIN. 78 pag 81 x 103 ; 
Published by The St. Louis Society fos 
Ouality Control, 6651 Kinesl 


L Mis 5S, Mr $?.50 


This manual has been written fo: 
use in short elementary courses in sta 
tistical quality control. It may be used 
for plant training and short courses 
that are often given by technical so 


be used asa labor 


cieties. It may also 
tory manual in conjunction with 
standard text on quality control in 
full course 

The manual consists of a brief text 
which is included to serve as a set of 
notes for the students. The heart of 
the manual is a series of work sheets 
stributions, X & 
R Charts, p charts, pn charts, c charts 
and sampling. The manual has been 
written around the principle that “we 
learn by doing’ and the work sheets 
give the student an opportunity to per 
form exercises and to make the neces 
sary calculations so that he will be able 


covering frequency d 


to put quality control into practice 


Heat and Thermodynamics 


MARK W. ZEMANSKY, Profe r 
Physics, The City College of Neu 
York. 465 pages, 6x 9 in. Published 
by McGraw-Hill Book Co., 330 W 
42 St., New York 36,N.Y. $6 


The purpose of this third revision 
is, as before, to provide an introduction 
to the subject matter cf heat and ther- 
modynamics for students preparing 
for a career in theoretical physics, theo 
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Ideas 
you 


These diagrams show a few 
of the ways in which Sylphon 
bellows assemblies are used— 
where there's a design problem 
involving control of temperatures 
or pressures. They open and close 
valves, dampers, etc., absorb ex- 
pansion, provide packless con- 
struction, have many more uses. 


We've developed bellows assem- 
blies that are used in practically 
every industry. It’s a specialty with 
us—has been for half-a-century. 
Skilled craftsmen and complete 
facilities produce exactly what you 
require, no matter how complex 
an assembly you need. 

Your problem may parallel one 
we have solved for another cus- 
tomer. Or, we'll work with you 
to develop an assembly for your 
specific application—making im- 
portant savings for you in time, 
trouble and money. 

Wide range of metals and sizes. 
Write for information. Ask for 
idea-stirring Catalog AP-1200. 


FULTON 
SYLPHON 


DIVISION 
Knoxville 4, Tenn. 
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Fig. 1 Thermestatic Motor —This type 
of assembly is widely used in tempera 
ture regulators, etc., where a thermo 
static charge is confined in the bellows 
and where a valve, switch, damper 
etc. 1s to be operated in response to 
temperature changes. 


n | MOVEMENT 





Fig. 3 Pressure Motor —Beliows assem- 
blies are often employed to convert 
pressure effects into contro’ sd move 
ment. Fig. 3 shows such an assembly 
where the pressure is applied inside 
the bellows. 


MOVEMENT 


2 | : 
; FIXED 


Fig. 5 Expansion Chamber—This type 
of assembly is employed to absorb 
thermal or pressure expansion. With 
suitable heads, it would be used to 
serve as a reservoir for a liquid or gas 
Example: Oil reservoir for electrical 
cable joint. 
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Fig. 7 Motion Transmission—T wo bel- 
lows assemblies joined by a tube for 
hydraulic transmission of motion or 
power. Motive force applied may be 
either thermostatic or mechanical. 

















Fig. 9 Shaft Seal —Widely used for 
refrigeration compressors to prevent 
leakage around —— shaft. Spring 
pressure holds nose of seal against 
shoulder on shaft. Another type used 
rotates with shaft and seals against 
stationary plate. 
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Fig.2 Thermostatic Motor —This assem 
bly is used where it is desirable to 
have the thermostatic charge confined 
outside the bellows and within a cup 
May be used with or without remote 


bulb shown 
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‘ 
Fig. 4 Pressure Motor — This assembly 
differs from Fig. 4 in that the pressure 
is applied outside the bellows and 


within a cup 
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Fig. 6 Expansion Joint — Packless and 
leakless construction for expansion 
joints used to absorb thermal expan 
sion of pipe lines carrying steam, water, 
etc. May be used to absorb vibration 
and provide flexible connection for 
other applications 
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Fig. 8 Peckiess Construction —Illuscrar 
ing packless valve construction. Same 
principle used to seal stem movement or 
adjustment in many types of apparatus 
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Fig. 10 Flexible Joint —Providing a 
means to seal a flexible joint or mechan 
ical movement of levers, linkage, et 

against leakage where the movement 
must be conveyed ourside an enclosure 
Example: Operating stem of float 
switches, etc. 
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BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn 








just as 
inevitably 

you will switch 
to the use of 
MOLYBDENUM 
High Speed Steel 


It is readily available from manu- 


facturers and warehouses. Tools 
made from it give service as good 
as or even beter than the tungsten 
most of the high 


type of steel 


speed steel used by leading tool 
manufacturers is the Molybdenum 


type. 

You can save money by changing, 
and above all, you will help to 
conserve tungsten for uses for 


which it is really needed. 


The facts you need are in 
this FREE BOOKLET 





Climax Molybdenum Company 
500 Fifth Avenue - New York City 


Please send your FREE BOOKLET 
**MOLYBDENUM HIGH SPEED STEELS ”” 


Name. 


Address . 
PE-1 
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New Books continued 
retical chemistry, or engineering. The 
first ten chapters treat the fundamentals 
of the subject, including the concepts 
of temperature, heat, internal energy 
and entropy, and the first and second 
laws of thermodynamics. The remain- 
ing nine chapters deal with physical, 
chemical, and a few engineering appli- 
cations. 

In the new edition, the theory and 
measurement of the mechanical equiva- 
lent of heat and heat capacity have 
been incorporated within the chapter 
on the first law of thermodynamics 
The remainder of the chapter on heat 
has been expanded and transformed 
into a chapter on the transfer of heat 
Various phenomena in low tempera 


ure physics which formerly appeared 
in separate chapters have been com 
bined to form the basis of a new and 
extensive chapter on the physics of 
very low temperatures 

The chapter on heat transfer has 
heen extended to include 
and Poiseuille’s law, Reynolds 
and turbulence, natural and 
forced convection, and the theory of 


streamline 
flow 
number 


the single-current heat exchanger 

Many other changes, in addition to 
new figures and new problems, serve 
to make the present revision one of the 
up-to-date and comprehensiv: 
treatments of the basic theory of ther 
modynamics 


most 


Corrosion Guide 

ERICH RABALD, Director and Chi 
Chemi i of the c F Boehringer G& 
Soh ne (Ge rmany ) 629 paves 64x10 


mn Publi hed b; the Elsevier Pub # 
Inc., 402 Lovett Blvd., Houston 6, 
Texas. $12.50 


Though the literature of Europe and 
America is rich in good books on 
author feels that this 
hook is justified in that it approaches 
the problem in a different manner 
from the normal texts on corrosion 
The Guide has arisen from problems 
which are met by the engineer who is 
To him the ques 
and the choice of 
material is often a difficult and costly 
problem, which may prevent him from 
onstructing a plant or from keeping 
it in operation. Corrosion and _ its 
1uses interest him mainly to the ex 
tent that he wishes to avoid it. A 
practical engineer will be ready to use 
experience gained elsewhere, and it is 
in fact often difficult to persuade him 
to use new materials. Therefore, in 
this Guide the old tried methods are 
catalogued with their advantages and 
lificiencies. In addition, however, the 


tabular arrangement of performance 


orrosion, the 


actively practic ing 


tion of corrosion 












WITHOUT TALKING BACK 
TO CUSTOMERS 


Wheeler Sound Powered Tele- 
phones do a triple job of time-saving, 
work-speeding and good customer 
relations in Boston-area First Na- 
tional stores 

Specially adapted by Don Hankins 
of Flexifone Corporation to tie in with 
the store intercom and loudspeaker 
systems, Wheeler units permit Meat 
and Produce Managers to communi- 
cate with wrapping and supply de- 
partments without having noisy (and 
possibly “rough” 
ried back over loudspeakers to be 
heard by customers. 


conversation car- 


Many installations of Wheeler 

Sound Powered Telephones stress 

this important feature of privacy. All 

stress economy, dependable opera- 

} tion, complete freedom from main- 
tenance, no ovtside power source 


Write us for literature. 


| WHEELER 


SOUND POWERED 
TELEPHONES 







COMMUNICATION 
| EQUIPMENT 


MAGNET WIRE 
. 
COILS 
. 
TRANSFORMERS 





™ WHEELER 


INSULATED WIRE CO., Inc. ' 
Division of the Sperry Corp. 
1103 EAST AURORA ST. 


WATERBURY 20, CONN. 
1WwHs2 
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It’s simple to 
design this “insurance” 
greater production 
into your machines 





Accumeter | 
Sb A | 





Virtually any machine that must be lu 
bricated with fluid oils or light greases 
can have the protection of automatic 
mechanized lubrication. Alemite’s Type I 
Accumeter System is the answer! So sim 
ple, so compact is this versatile single line 
system, that you can incorporate it in 
your designs with remarkable ease. 





The Alemite Type | Accumeter Automatic 
Lubrication System consists of a lubri 
cant pump, a distribution system of tub 
ing, and force-feed valves mounted on or 
near individual bearings 


From one central point, it safely, surely 
lubricates all the bearings on a machine 

. automatically . while production 
goes on. Increases output by eliminating 
shutdown for lubrication! Ends the risk 
of lubrication errors or neglect by your 
customers! Reduces maintenance and re 
pair costs, prolongs machine's life 





Alemite Accumeter Systems meter lubri- 


ral 
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ALEMITE 


| ALEMITE 


ACCUMETER AUTOMATIC LUBRICATION 
1850 Diversey Parkway, Chicago 14, Illinois 


137 
16 


4 


Adjustable Output 


cants with a sustained accuracy un 
matched by any other method. In fact 
tests show no variation in the amount of 
lubricant discharged to bearings even 
after 73,312 lubrication cycles—equivalent 
to 122 years of twice-a-day service! 


What’s more, Alemite Accumeter Auto 
matic Lubrication is not 
shot” lubrication. It is continuous between 
cycles. That’s because Alemite’s exclu 
sive “accumulating” feature prolongs the 
discharge of lubricant to bearings 


merely “one 


Alemite Accumeter Automatic Lubrica 
tion is adaptable to machines of every 
type and size. There are three separate 
systems, to cover your full range of 
needs. Write now for Form 22-189, a free 
16 page brochure giving full data. And 
for specific application recommendations 
include description of machines you are 
presently working on. Alemite, Dept 
T-12, 1850 Diversey Parkway, Chicago 14 
Dlinois. 
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This Single Line System 
Serves Any Type Bearings 


Alemite’s Type | A 
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oscillating 


anti-friction beor 
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New Books contr 


of materials in use gives the user 


opportunity of finding out easily a 
other materials that have so 
scarcely been used or have not 


used at all. These may offer some 


cial advantages for particular pr 
lems 
In the first section, some get 


considerations are given on the 
; tion of materials. This is followed 
G H ROM f a short introduction to the general 
AL eh pects of corrosion, a knowledg 
which leads to better use of data g 


s TA | N [ f S a 5 T fF fF [ later. The bibliography at the end 
the book indicates the most 

' books and journals for 

ticularly interested The 

* which over 250 corrosiv 


than 40 materials of construction 
- Finest: “Soy yop 
: Germany, b 
ELECTRIC FURNACE STEEL 
H FAT -_TREATM ENT Industrial Furnaces—Vol. I 


W. TrRINKS, A 


LAPPED FINISHES Ee Comes 
‘ * Technology. 526 page 
~ublished by PP) 1€)4 
bad Sipe dee, Now 


THESE FACTORS COMBINE TO MAKE THE FINEST Since its initial pul lication in 
STEEL BALLS OBTAINABLE BECAUSE THEY CON- enone Venn De Seen © | 


ough exposition of all phases 


TRIBUTE TO CLOSER SURFACE UNIFORMITY _ problems of practical technology 


book lays down and discusses the bas 
BETTER STRAIN DISTRIBUTION—HIGHER LOAD principles underlying all furr 
sign and operation, provides numero 
CARRYING CAPACITY—LONGER LIFE graphic Setuiins ond typical 
‘ amples which reinforce the text 
+ offers conclusions—rather than untri 
: theories—which have been tested and 


ut they are not all ident 


$10 


proved in actual furnace pract 


IC€ 
Oy -ve | in: The fourth edition of Volume | 


brings this treatise completely up-t 


BALL BEARINGS « AUTOMOTIVE © AIRCRAFT date by incorporating the most re lis 


scientific facts which research has 


FARM AND. INDUSTRIAL EQUIPMENT ~isoe sgn gear palne 


nace design as well as pres 


MACHINE TOOL + OIL WELL AND OTHER design and operating prin 


techniques. The arrangem 
IMPORTANT APPLICATIONS subject matter remains mu 

is the third edition with the exceptior 

that infrequently used material has 

d been moved to the appendix; the vol 

is divided into sections on th 


apacity, economy, thermal efficiency 
i | ‘Dy G E strength and durability, and movement 
About t 


of gases in furnaces out 40 percent 


C O R P @) R AT @) N f of the text has been rewritten and 94 
new illustrations have been added. Th 


tables have been brought up-to-date 
BOX 488 e AY! | DDLETOWN, OHIO and many of the statement eg 
lari ied All ilculations 
have been changed rrom ,~foss 
tons 


The revisions mentioned above co! 
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ne to make this edition even more 
ful to those designers and users of 
dustrial furnaces who want to know 
yw to get the best value out of the 
ie] they use and how to apply it most 
ectively 


Business and Professional 
Speech 


LIONEL CROCKER, Prof. r of Spee 
Jenison University; 470 pages. 6x 9 
Published by the Ronald Press ¢ 

New York, N. Y.; $4 


Written to offer information and 
lvice not only on the platform speech 
ind normal business situations, this 
00k also touches upon such related 
aterial as the problems faced by the 
rogram chairman of civic and other 
rganizations. The author gives a study 
of relationships of speaker, speech 
idience, and the fundamentals of th 
speech situation. The importance of 
human motives and their use by the 
speaker, at the same time emphasizing 
ie need for high ethical standards 
ire also explained 

The book is divided into two parts 
The first is devoted to the Theory of 


Speech, which covers such points as 
How to look at your audience; what 


the audience hears: hoe to get and 
hold attention ; audien e analysis: p 
moting acceptance of yourself and your 


ro 


ideas; putting the speech together 
language used; and others 

The second part is called Commor 
Types of Business and Professiona 
Speeches. This covers: the sales talk 
the policy speech; the good will 
speech; the oral report; the interview 
radio and television; and other types 
of speeches 

The book 1S ill istrated with seic 
tions and complete speeches by lead 
in public life 


The Algebra of 
Vectors and Matrices 


THoMAS.L. Wane, Florida State Un 

versity. 189 pages, 54 x 84 in. Pul 
hed by Addison-Wesley Press, In 

Cambridge 42, Mass. $4.50 


This book is intended to give an 
elementary expository presentation of 
matrix algebra. It is concerned largely 
with an elementary exposition of the 
algebra of vectors and matrices. This 
exposition is articulated with the basi 


concepts of modern algebra in the 


broad sense, that is, group, integral 
domain, field, ring, basis, dimension, 
and isomorphism. 

Since the student using this text will 
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Maybe you’ll never need 
a huge 











vacuum 


MELTING 
= KETTLE 


STAINLESS 
STEEL 





Ga¢ —THE SKILL THAT CREATED IT MIGHT SOLVE 
A PRODUCTION PROBLEM FOR Zow / 


When your Defense Contracts or regular 
productions call for specially built pres 
sure vessels or processing machinery 
put the problem up to GROEN. For half 
a century we ve been fabricating compli- 
cated and simple jobs in Stainless, Nickel, 
Monel, Everdur, Inconel. We know how. 
The large Vacuum Melting Kettle above is 
an example. We produced a quantity of 
these from bare specifications in record 
time. Consult us on your special jobs. 
Depend on our ample facilities, long back- 
ground, engineering skill and financial sol a 
idarity to deliver what you want satisfac 
torily. Why not write us now ? 





WORLD'S LARGEST PRODUCERS OF STAINLESS STEEL STEAM JACKETED KETTLES 


GROEN MFG. Co. 
Habfa Conlary of Tine 4535 W. Armitage Ave., Chicago 39 
30 Church Street ° New York 7 
7 Front Street + San Francisco }! 











A responsible 
low-cost source 
of supply for 
quantity users 


* MYECISL, 


‘shaped wire 


we produce these and any other 





apecial shapes, in all ferrous 
and non-ferrous metals and al- 
loys, to customers’ specifications 
up to 4” wide and 3/16” 
thick Tolerances 


\° 


As one of the country’s fore- 
most manufacturers of fine 
quality jewelry chain, our 
plant is equipped with hun- 
dreds of high-speed wire 
drawing and forming ma- 
chines. Many of these ma- 
chines, which were designed 
and built by this organization 
from the ground up, are also 
capable of producing the most 
















stampings & 
piercings 


any shape, any type to custom- 
ers’ specifications, in all ferrous 
and now-ferrous metals end al- 
loys, within these dimensional 
limits: Over-all size—up to 1 

Thickness of stock—up to 

1/16”. Tolerances 


+ 0005 


intricate stampings and 
piercings to customers’ speci- 
fications. 

e e¢ e Additional facilities 
such as an up-to-date tool 
shop plus complete finishing 
equipment including tum- 
bling, polishing, heat treat- 
ing — assure you of on-time 
deliveries to meet your de- 
fense work schedules. 


SEND BLUEPRINT OR SAMPLE & QUANTITY REQUIREMENT FOR COST 
COMPARISON & DELIVERY, OR CALL SOUTH ORANGE 2-7600. 
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New Books continue 


be primarily learning about v 

ind matrices, he will be getting tl 
knowledge in the setting of mod 
algebraic theory. This book, therefor: 


tal 


1s suitable ror use in the first cou 
roa sequen of courses devoted 
nodern algebraic theories 

The physicist, engincet theoret 
remist, statistician, or psychomet 
cian will find here in a single sour 
in relatively simple rea lal le languag 
the essential features of matrix algel 


that for him constitutes a powerf 


I 
and widely used tool 
Considerable use is made of 1 
summation notation, the index sy 
bolism, and transformations, all <« 
which are common in tensor theor 
This book. therefore may Well § 
as a prerequisite for work in 
and tensor calculus 
The mathematical background of t 
student using this book is assun 
to be a first course in analytic geomettr 


and an acquaintancesnip Ww ith the us 


, , 
theorems on determinations as given 1 
i standar | olle yc ile ra hook 





Engineering Statics and 
Dynamic 


DAN H. Pietra, Head of Af 

Mechanics, Virginia Polytechnic lh 

tute. 400 pages, 93 x 6} Publ. 

by Ronald Press ¢ 15 E. 26th § 

New York 10, N. Y. $5.50 | 


The problem of preparing textbooh 


s a never never-ending one. Ther Fo 

ire always newer and different an 

improved methods of presentatior ate 

With over twenty years of vari Ine 

teaching experience, Prof. Pletta | 

attempted to present his ideas im a ex 

manner that the student can grasp and 

understand. He endeavors to empha 

size a few fundamental con epts witl : 
su 


which the beginner can apply to ar 
infinite variety 9 situations Since ch 
the student is in a formative frame of 
mind, the way in which he is tau 
to approach a problem is most import 
ant As a resu 


student may have a bagful of formulas 


t of his training, the 


or develop an intuitive ability to apply 


fundamental concepts to new designs 
The material covers the usual subje 
matter of a beginning course. Its ar 
rangement follows the deductive ap 
proach In the chapter on Internal 


Resistance of Solid Bodies, it is a d 
parture for a course in statics for it 
introduces the subject of Strength of 


iat 


Materials. There are two chapters or 


the laws of motion: one discusses th 


> 


uations of kinetics and the other: 


escribes the inertia force method. Or 





the subject of relative motion, there is 





a new treatment which obviates the 


) 
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Don’t Let “Castings Troubles” Slow Down 


e Lroduction 


Your 


‘j “Neil 


PES ee 
Aart — 


eS 


eSPECTROGRAPHIC ANALYSIS 


* 


Permite’s Quality Control EEgEmErEaiE) EXROenree 


Assures Yu ALUMINUM CASTINGS 


RIGHT in Dimensions-in Mechanical and Chemical Qualities 


For aluminum castings that are right in all speci- precise testing and inspection instruments. 
fication details, you can depend upon Aluminum ; : 
: age Spectographic analysis, X-ray inspection, Zyglo 
Industries’ advanced quality control facilities and é, 
: ’ black light inspection, combined with other 
experience of over 30 years. : ; 
d inspection and quality control procedures which 


The permanent mold and sand foundries are 
supported by complete heat-treating facilities, 


chemical and metallurgical laboratories, and 


are standard at Aluminum Industries, assure you 
of aluminum castings that will help keep your 


defense production schedules moving smoothly 


Write for your copy of new Bulletin No. 20A illustrating 


and describing our facilities for supplying the castings 


you want, when you need them. 


PERMITE 


ALUMINUM. INDUSTRIES, 


Send blueprints for recommendations and estimates 


on your aluminum castings requirements. 


CINCINNATI 25, OnIO 


ALUMIMUM PERMANENT MOLD, SAND end DIE CASTINGS...HARDENED, GROUND one FORGED STEEL PaRTS 
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There’s a 


Ws 


Mechanical Seal 
To Meet Your 


Exacting Requirements 


General Purpose Seal... 


... most widely used end-face 
seal in industry ... ideal for 
centrifugal, rotary and jet 
pumps, gear reducers and 
many other rotary shaft appli- 
cations ... offers long life, 
complete flexibility, easy in- 
stallation. Two types availa- 
ble, No. 1 and 2, for varying 
equipment space conditions. 


Low Cost, High Quality 
“Pressed-in” Seal... 


...the answer to small shaft 
sealing applications involving 
high speeds and vibration. 
Millions of these Type 6A 
Seals are mass-produced for 
automotive water pumps, mak- 
ing them available at a rela- 
tively low cost in stock sizes. 
Each of these easy-to-install 
seals will fit several shaft sizes 
since they are “pressed-in” and 
do not touch the shaft. 


High Temperature 
Anti-Corrosive Seal... 
... This Type 9 Seal performs 


effectively at temperatures up 
to 485° F. It incorporates a 
Teflon flexible member which 
is unaffected by all known 
corrosive agents. 


* * * 


All seals in the “John Crane" 
line are end-face in design 
-+.nothing touches the shaft 














which can score it. No matter what your mechanical seal- 


ing problem is, there's a ‘John Crane” seal designed to ex- 
actly “fill the bill”. Our trained field engineers are ready 
to work with you in selecting the best seal for your needs. 


Write for entirely new catalog on “John Crane” Mechanical 
Seals. It’s just off the press! 
Dept. PE-1, 1845 Cuyler Avenue, Chicago 13, Iilinois. 


PACKINGS 


AND MECHANICAL SEALS 


1 A 


CRANE PACKING COMPANY 


4 o> 
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use of Coriolis’ Law Following ea 
section, there are a number of car 
fully chosen problems to illustrate 
fundamental principles 

Following a chapter on Vibration 
there is a final chapter on Dimension 
Stability and Model Similarity. Bot 
of these should prove helpful to tl 
undergradate as introductory materia! 


Heating Design and Practice 
ROBERT HENDERSON EMERICK, ( 

sulting Mechanical Engineer, 15 
pages, 64 x 94 in., Published by M 
Graw-Hill Pub., Co., 330 i2 5 
\ y 40. \ 


$8.00 


This book has been prepared wit 


two ends in view. First, it is intended 


to present to all persons concerned 
| 


with heating the basic theories of heat 
ing design with demonstrations of how 
tollowed 


these theories are worked out, 


in many instances by case histories an 


evaluations of results taken from pra 
tical experience 
These examples and evaluations 
of importance because they point o 
how interdependent design and pra 
ce actually are. Admittedly 


a know 
ledge of design principles makes for 


better practice, but equally pertinent 
1 recognition olf practice $ capacity 
on occasion or under special cond 
tions, to show bluntly the need for 
qualification of theory 
For its S€ ond purpose this book 


attempts to bring together working 


formation on subjects and problems 


losely allied to heating which, soon 
or later, are likely to demand the 1 
sponsible attention of th 
gineer. In this category 
hapters that examine in detail th 
combustion of | 1 
sign of fuel handling and storage sy 
tems, including piping for gas ind oil 
the characteristics of industrial refra 
tories and insulation: the 


heating e1 
thos 


various fuels: the 


preparation 
of specifications and the analysis o 
bids 

Many of these data have been har 
vested from scattered 
rectly from experience, and in cons 
quence have not always been on hand 


sources, or d 


in time. Those concerned with th 
heating field should therefore find 
th 


hese chapters most useful 


Television Servicing 


WALTER H. BUCHSBAUM. 340 page 
6 x9UD mM Publ, / ed / ) Pre NIICe Hail! 
Inc. 70 Fifth Ave., New York, N. Y 


$5.35 


In Part one, the author explains the 
theory of operation of every section in 
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TOF-STUF Ss best proving 


ground is in the air! 


It pays to specify 70F-S7UF 
aluminum bronze alloys for 
parts that must stand up 





@ Because they are both light and tough, TUF-STUF aluminum | 
bronze alloys have proven invaluable in America’s aircraft as valve-seat 







inserts, spark plug inserts, valve guides, gears and other vital parts | 


If your product requires machined parts that are strong but light, 





resistant to corrosion, long wearing and resistant to oxidation even at 






high temperatures, then TUF-STUF is the right alloy for the job. 





TUF-STUF alloys are furnished in the form of forgings, rods and screw 
machine parts. They fill Federal Specification QQ-B-666, Grade B, 






and several other variations. Because of the increased use and demand 





for both aluminum and copper, jobs carrying a Defense Order 





Number are receiving first consideration. 


| 
“T° if 















MUELLER BRASS CO. 


PORT HURON 16, MICHIGAN 
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Secure LOOSE PARTS 
with Bead Chain 


TODOQQDOODOOODOO0OR 


A MUST for Military Products 





Canteen Cap 


Courtesy Wyandotte Chem. Co 





Aircraft Access Plate 


A PLUS for Any Product 
qa | F 


§ 

‘ ad 

§ 

é 

J 
Electrica Hot Water Bag . 2 ‘ 

. ‘ower Line 

Outlet Cap Stopper Set Screw Key a“ 





Sterilizer Lamp Cap 






Receeseeseeererees 
‘ 


Ship Alarm Hammer 





‘ 


Connector 


MOMS Ma Mg a Me Ma Me Ma Mee MeO MOOR OOM) 


W hen a householder or industrial worker mislays an essential 
part of your product, he may suffer inconvenience or minor 
hardship. But, loss of some important small part of military 
equipment may mean that men are lost, too. 

As a positive leash for straying parts, nothing can equal 
Bead Chain! Non-kinking, free-swiveling action assures full 
freedom in using the part or tool secured. It is small, light, 
attractive yet strong enough to hold under abusive strains. 

Check your product now! Leash any part that may stray. It 
costs only a penny or two, as a rule, to. add a Bead Chain 
retainer that's worth dollars as a trouble-saver for your 


customers. 


Kinkless Chain of a Thousand Uses 


Design ingenuity can employ Bead Chain in many unique 

ways to gain new product appeals, please buyers, cut costs. 

For example: A low-cost non-slip chain drive for business 

machines, TV tuners, venetian blinds etc. Pulls for electric 

lights, fans, registers, zippers. Trimming for leather goods, 

wearing apparel, etc. Suspensions for light bowls and signs 
and itn countless other ways. 


Get "Bead Chain” 


..+ Get 4 Plus Values 


As the world’s largest producer of Bead Chain, 
the Bead Chain Company offers you: (1) Depend- 
able quality and delivery. (2) Unmatched applica- 
tion help based on experience with thousands of 


users. (4) Widest selection of chain sizes, styles, 
metals, tinishes—and attachments to fit every need. 
(4) Money-saving assembly service which pro- 
vides made-to-your-order assemblies. 


NEW! Bead Chain Catalog-Data Folder. 


“BEAD CHAIN’ 


The Bead Chain Mfg. Co., 92 


Write today! 


Mt. Grove St., Bridgeport, Conn. 
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New Books. . continu 


the modern TV receiver. Theoret 
discussion is held to a minimum, » 
practical examples, illustrations, 
comparisons used abundantly 
knowledge of higher mathematics 
not needed for a complete understar 
ing of the material in this, and 
other two parts. To further clar 
these data the author includes an ea 
to-comprehend outline of the ent 
television system. 

Alignment and installation of 
television receiver is shown in det 
in Part two of Television Servicir 
Step-by-step procedures are given, « 
ering such aspects as sound chant 
alignment, viceo IF alignment, ar 
aligning RF amplifiers, mixers, and « 
cillators 

Part three is a complete guide f 
trouble-shooting the TV receiver. TI 
author lists all of the possible def 
and shows how they appear outside 
the receiver . . . facilitating the prom, 
spotting of the trouble and its sour 
by eye and ear. Classified for ready 
reference, each defects 1S thorough] 
analyzed to show what steps must | 
taken to correct it. The author de 
scribes the causes and cures for defe 
ive deflection, poor sound and pictur 
quality, poor cathode ray tube per 
formance, as well as the loss of syn 
chronization 


Quality-Control Handbook 
J. M. Juran, BS. in EE, J. D 


Con cultin g Manage ment Engine é? 
Adjunct Professor of Management 
Engineering, New York Universit) 
Formerly, Chief of Inspection Contr 
Division, Western Electric Co. 6 x 
in., 800 pages. Published by McGrau 
Hill Book Co., Inc., 330 W’. 42nd St 
New York 18, N.Y. $10 


Here is the story of quality control 
presented in thorough, comprehensive 
handbook form. For authoritative 
answers to questions on any phase of 
planning or carrying out a quality-con 
trol program; for basic or advanced 
review of all phases, not only the sta- 
tistical, of the quality-control function; 
for quick reference to many formulas, 
data, record forms, and other practical 
information, this detailed manual can 
he used. 

The handbook has been planned to 
develop: 1) Those principles which 
are universal, no matter what the 
product or process. The first nine 
sections are devoted to this, with ap- 
propriate examples and cases. 2) Ap- 
plications of principles to particular 
products or processes. Six sections are 
devoted to such applications. 

The fifteen sections cover the eco 
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' , 
nics Of qua rol; how to 


ganize for quality; acceptance, con 
1, and assurance of quality and sim 
I aspects , but also application to 
ecific processes and products, such as 
emical, textile, and aircraft 

The book is the work of several 
ecialists; illustrative examples from 
tual cases and records are profuse 
) that the book brings the reader th 


oadest sort of perspective on the 
ality function, and practical working 
iformation based entirely on what is 
eing done with quality control in 
ndustry today 


Materials Technology 
For Electron Tubes 


WALTER H. KOHL, ¢ ultant 


Directoy j Re eCarci Collins Nad 
mpany. 493 pages, 6x 9in. Paul 
hed by Rein/ 4 Pub inf Cor 

330 W’. 42nd § New York. N. j 

$10 
This book presents up-to-date in 

formation on materials used in 
onstruction of electron tubes. It is 


the first one in English which aims at 
i thorough scientific treatment of the 
main solids which enter into the con 
struction of electron tub 

The treatment of materials such 
Ceramics, Mica, Tung 
sten, Molybdenum, Tantalum, Copper 
Nickel, Graphite is one feature 
of the book. Each chapter dealin 
with these metals contains an extensive 


Cs 


as Glass, 


tabulation of the physical characteris 
tics and the chemical reactions taking 
place with various reagents. The de 
scription of processes used for the aj 
plication of these materials is anoth 

feature. Included is a critical review 
of the work done throughout the world 
by many research workers. Certain 
data and description of processes are 
published here for the first time 
There is a review of atomi theory 
and the classification of crystals which 
provides a welcome introduction to 
the novice in this field. The tube en 
gineer, development engineer, experi 
mental physicist, materials 
engineer and technician, in any field 
where these materials are being used, 
can get from the book the pertinent 
data required and, from the refer 
ences, a quick guide to more extensive 
study of the literature. Although the 
title of this book is specific about the 
field of application, namely, electron 
tubes, a materials engineer in any field 
can benefit from the data given. Many 
of the properties of molybdenum, for 
example, of interest to the electronics 
man may solve other problems 


chemist, 
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new handbook 


FREE TO 
PRODUCT 
DESIGNERS 









p Design Engineer's Handbook, thoroughly revised 
9d enlarged. Now includes: tables of properties, toler- 
sainces, weights, many valuable pages on design tech- 
“niques, inserts, assembly, machining and finishing of 
hard rubber and other Ace molded plastics such as 
Saran, polyethylene, acrylics, acetates, etc. Also covers 
rubber linings. Ask for your copy of this Hard Rubber 
and Plastics Handbook today. 











erican Hard Rubb.. Company 


93 WORTH STREET + WEW YORK 13, W. YF. 
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A Product of the 
James Mig. Co 
Fort Atkinson, Wis. 





The Jamesway “Universal” 
is known to the poultry world as THE battery brooder— 
for starting, holding, brooding and displaying chicks and 
growing fowl. Poultrymen demand—and get—easy clean- 
ing, handling and feeding and provisions for preventing 
crowding at feed troughs and fouling of feed. The heart of 
the “Universal” Brooder’s successful operation, however, 
is the 16” x 42” heating pad which is controlled by a 
Chace Thermostatic Bimetal Element. 


When the heat pad is plugged in, the long coiled 
wire element heats up and the red signal light goes on. 
The thermostatic bimetal element “A" is mounted so as 
to contact the plunger in the switchbox "B”. As the heating 
element heats up, the increasing ambient temperature 
causes the thermostatic bimetal to deflect toward the low 
responsive side, against the switch plunger. As the ambient 
temperature rises, the pressure against the switch increases 
until the circuit to the element and light is broken. The 
temperature then decreases, the bimetal releases the pres- 
sure on the switch and the circuit is re-established. The cycle 
continues, the length of the cycle being regulated by an 
adjusting screw "C’’; turning the screw clockwise swings the 
switch away from the bimetal thus lengthening the heat 
period, while counter-clockwise adjustment moves the 
switch closer and reduces the volume of heat. 


The James Mfg. Co. fabricates its element from 
Chace #2400 strip. Chace offers 29 types of thermostatic 
bimetal in strip, random coils and complete elements 
fabricated and assembled from customers’ prints. We also 
offer the consultation of our highly expert Applications 
Engineers who will assist you in the development of your 
own temperature actuated device. Write for your copy of 
our 64-page guide to the selection and designing of 
thermostatic bimetal elements. 


W. M. CHACE CO. 
Therumostalic Bimetal 


1607 BEARD AVE., DETROIT 9, MICH. 








RCA Produces Rugged 
Xenon-Filled Rectifier 


A XENON-FILLED, half-wave rectif 
tube, designed to meet military req 
ments for a rectifier capable of 
forming ethciently under extrem« 
bient temperatures, has been desigr 
by the RCA Tube Department 

The rugged tube is engineered 
maintain its high efficiency under a 
bient temperatures ranging from 


p 


legrees below zero to 90 degrees ab 

zero centigrade Because of its conte 

of xenon gas, it will function und 

severe atmospheric heat and cold th 
would make a mercury-vapor type 





rectified tube inoperative. Furthermor 
its rugged construction permits 


under conditions of severe vibration 


It is rated at either a peak inver 
inode voltage of 10,000 volts and 
average anode current of 0.25 amp« 
ora peak Inverse anode volt ive of | 


000 volts and an average anode curret 


of 0.5 ampere. It has a low voltag 
drop which is virtually constant 
ipproximately 10 volts 

Iwo tubes, when employed 
single phase, ful!-wave service with t] 
peak inverse anode voltage limited t 


5,000 volts, will deliver to the filter 
d-c output current of one ampere 
1,600 volts. When the peak invers 
anode voltage is 10,000 volts, the twe 
tubes will deliver a d-~« output 
of 0.5 ampere at 3.200 volts 
Utilizing a medium-shell, small 
pin base with bayonet, the rectifier 
takes the standard four-contact socket 
The latter should be equipped with 
filament contacts capable of withstand 
ing 5S amperes continuously witho 
over-heating 


Air Force and Navy 
Agree On New 
Synthetic Lubricant 


W ASHINGTON—Research staffs ot 
a half dozen chemical firms and several 
petroleum companies have combined 
their efforts with the Navy and _ the 


Air Force to produce the first joint 
military specification for a syntheti 
lubricating oil for gas turbine aircraft 
engines 

Initial research for the new syntheti 
lubricant was started in 1940 and was 
done at the Naval Research Laboratory 
in Washington. Testing was done by 
the two services and industry 

The base of the new lubricant is 





one of a class of chemicals known as i 
aliphatic diesters. Phenothiazine is t 
idded to prevent oxidation at high tem ty 
peratures, and tricresyl phosphate to 
prevent gear wear 

The new oil will withstand operat ; 
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SPEED 
POWER 
VERSATILITY 
SIMPLICITY 


TROUBLE-FREE 
OPERATION 








DESIGN YOUR PRODUCT WITH 
LAPLANT-CHOATE HYDRAULIC UNITS 


Propucr ENGINEERING 








FOR designers and manufacturers of products that can be improved by 
hydraulic operation, LaPlant-Choate Hydraulic Units give the perform- 
ance “extras” which bring extra advantages into your competitive sales 
picture. 


These powerful, smooth-operating units . . . jacks, pumps, valves or 
the compact, all-in-one fluid power control . . . supply the speed, dexi- 
bility, and instant response to controls that keep equipment operating 
economically and efficiently. 

That's why so many manufacturers like the ones listed below are 
using LaPlant-Choate Hydraulic Systems for the utmost in full hydraulic 
operation. For complete details, send for Bulletin B-1152B, or write your 
requirements to LaPLANT-CHOATE MANUFACTURING CO., INC., 
Cedar Rapids, Iowa. 


A few of the well-known manufacturers who make 
good products even better with LPC Hydraulic Units 


Service Supply Corp. Pacific Car & Foundry Co. Municipal Supply Co. 
(Manufacturing Division) 
THE LODOVER CARCO HYDRADOZERS THE GUTTER SWIPE 
The Warner & Swasey Co. § Wm. Bros Boiler & Mfg. Co. Pittman Manufacturing Co. 
GRADALL BROS BULLDOZERS THE HYDRALIFT 


LAPLANT © 


January, 1952 









THE FAMOUS LPC 
FLUID POWER CONTROL 


Pump, valve and oil reservoir are 
all combined into a single compact 
unit that mounts on the front of the 
tractor behind the radiator guard 
This new “closed system” design 
completely eliminates long suction 
lines, reduces the hazard of leaks 
and assures greatly increased speed 
and efficiency. In addition, the en- 
tire unit is skillfully engineered and 
precision built for utmost simplicity, 
easy servicing, and long, trouble- 
free operation 











=== American Cueyiean Pag; Conmanny 
AMBLER PENNA. 


Technical Service Data Sheet 
Subject: 


METAL PRESERVATION AND PAINT PROTECTION 


WITH ACP PHOSPHATE COATING CHEMICALS 





- 


{ 


SEQUENCE OF 
OPERATIONS 


STAGE No, | 
CLEANING 
SOLUTION 


STAGE No. 7 
RINSE 


STAGE Ne. 3 
ACP PHOSPHATE 
COATING SOLUTION 


STAGE No. 4 


STAGE No. 5 


RINSE FNAL 


ACIDULATED RINSE - 


U.S. ARMY PHOTOGRAPHS COURTESY OF “ORDNANCE MAGAZINE” 


Typical spray and dip phosphating equipment and some ord- 


nance products that are now given a pretective phosphate 
coating for extra durability under all kinds of severe exposure 
conditions. Both military and civilian applications of ACP 
phosphate coating chemicals are shown in the chart below. 


SELECTION CHART OF ACP PROTECTIVE COATING CHEMICALS FOR STEEL, ZINC, AND ALUMINUM 


METAL 
+ 


| 


| 


} 





AcP 
CHEMICAL 
GRANODINE” 
Zinc Phosphate 
Coating Chemical 


GRANODINE” 
Manganese on 
Phosphate Coat 


GRANODRA®” 
Z1me-st0n 
Phosphate 
Coating 


ALODINE” 
Protective 
Coating 


— 
UTHOF ORM” 

Zinc Pros pnate 

Coating Chemcal 


| 





OBJECT OF 
COATING 


improved 
paint 
adhesion 





TYPICAL METAL 
PROOUCTS TREATED 


GOVERNMENT 
SPECIFICATIONS 


) 
J 





Stee!, iron, or zinc fabricated units a com- 
ponents, automobile bodies, refrigerators, 
washing machines, cabinets, etc.; projec- 
tiles, rockets, bombs, rifles, small arms, 
belt links, cartridge tanks, vetucular sheet 
meta), tank bolts and |inks, recoiliess 
guns, etc 


WiL-$-5002 
JAN-C-490, Grade 1 
JAN-F-4% 
U.S.A. 57-0-2, Type It, Class C 
U.S.A. 51-70-1, 
Finish 22.02, Class C 
USA. 0-6-1 
16 £4 (Sheps) 





Rust and 
orros. ion 
prevention 


Wew-resistance ant) 
Piling, safe break-in 
of friction of rubbung 
parts. Rust proofing 


Improved drawing, 
extrusion, and 
Cold forming 


| Nuts, bolts, screws, hardware items, tools, 
guns, cartridge clips, fire control instre- 
ments, metallic belt links, stee! aircraft 

| parts, certain stee! projectiles and many 
other components 


WIL -C- 16232 

U.S.A. 57-0-2, Type Il, Class 8 
U.S.A. 51- 70-1, Finish 22.02, Class B 
Navy Aeronautical M- 364 

U.S.A. 72-53 (See An-F -20) 





Froctron surfaces such as pistons, piston 
rings, gears, cyliader liners, . 
tappets, crankshafts, rocker arms, etc 
Smai! arms, weapon components. Hardware 
tems, etc 


ML-C- 16232 

U.S.A. 57-0-2, Type Il, Class A 
U.S.A. 51- 70-1, Finish 22.02 Class A 
Navy Aeronautical M- 364 

U.S.A. 72-53 (See AN-F - 20) 








Blanks and shells for cold formng, heavy 
Stampings, tubs, tubing for forming @ draw- 
ing, wire, fod, etc. 





Improved paint 
adhesion and 
Cortas:on 
fesistance 


fefrigerator parts, wall tiie, signs, washing 
machine tubs, etc; aucraft and aucraft 
parts, bazookas (rocket launchers), heivets, 
belt buckles, clothes dryers, clothesime, 
tochet motors, etc., aluminum strip @ sheet 
Stock 





Alumnus products of sumilar design such as 


MIL -C-S541 (See also QPL-5541-1) 


ps 
170 (See MIL -C-S541) 
U.S.A. 72-53 (See AN-F - 20) 





Zinc alloy die castings; zinc of Cadmium 
plated sheet of components Nol dip gaivan- 
ized stock, galvannea!, signs, siding, 
footing, galvatszed truck bedves, etc 

















WRITE FOR DESCRIPTIVE FOLDERS ON THE 
ABOVE CHEMICALS AND FOR INFORMATION ON 
YOUR OWN METAL PROTECTION PROBLEMS 


PRODUCT 


ing temperatures from minus 65 
plus 500 degrees F and will not 
off at high temperatures. Contempla 
production figures are classified 

Along with this development we 
Naval Research Laboratory chem 
considered the problem of a supply 
chemicals for synthetic lubricants. 
common source of the acids needed { 
synthesizing diesters in the early 194 
was castor oil, an imported produ 
In studying other sour consider 
tion was given both to materials whi 
would be available in quantity fri 
domestic sources and would not int 
fere with the production of other nee 
ed materials 

A total of 34 fluids we 
developed from a variety of basic mate 


Cs, 


liester 
rials, including petroleum 
products, 


sources, Cor 
and coa 
tar. From a careful study of the proper 

fluids smaller 
furt] r ley 


oats stocky if | fats, 


of these 
ted 


into lubricants 


r 7 
ties grou 


was selec tor lopmer 


of interest 


Hot Windshield 
Clears Pilots’ View 


ELECTRICALLY HEATED SELF-DEICIN« 
WINDSHIELDS that also eliminate in 
terior fogging have been developed for 
Super Constellation transports by Lock 
heed. The new windshields boast an 
automatic temperature control for ad 
justment in relation to outside air 

To prevent both exterior ice and in 
terior “fogging,” the new windshield 
utilizes a layer of stannous oxide Nesa 
(nonelectrostatic formulation A), only 
{5 millionths of an inch thick, as 
heating element. 

The conductive Nesa is sprayed en 
the back of a ,'; inch pane of glass, 
while it is almost red hot. This glass 
later becomes one of three layers of 
the laminated windshield. Other sec- 
tions are a % inch pane, next to the 
pilot, and a } inch center layer of elas- 
tic vinyl, termed the “fireman's net” 
because it is designed with both 
stretch and strength, to protect pilots 
from birds that might fly into the wind 
shield. 

To prevent fogging, the back of the 
windshield is kept approximately 50 
degrees warmer than the front, which 
in turn is maintained about 50 degrees 
warmer than outside air. At the same 
time, the temperature of the vinyl bird- 
proof layer stays between 80 and 120 
degrees, the range at which it has best 
onditions of strength and stretch. 

Automatic temperature control was 
achieved by incorporating in the vinyl 
a thermistor sensing element, a semi- 
conductor composed of rare earth 
oxides. This thermistor feels tempera 
ture changes and “tells” a control cir- 

1it when to turn on or shut off power. 
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